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ABSTRACT

A compiler for a subset of the Automated Data Processing
Equipment Selection Office (ADPESO), EYPO-COBOL, has been
implemented or a microcomputer. The implementation provides
pucleus level constructs, interprogram communications, and
file options from the ANSI COBOL package along with the
PERFORM UNTIL, PERFORM VARYING and an enhanced version of
the IF-THEN-ELSE construct that 1includes nesting and
multiple program statements for both the "THEN" ard "ELSE"
clauses. These additional comstructs from level two of ANSI
COBOL provide for more flexibility and increased structural
control. The language was implemented through.a compiler and
run~-time package executing under the CP/M operating system
of a 2-80 or an 8383 microcomputer-based system. Both the
compiler and interpreter can be executed in 20K bdytes of
main memory. A program consisting of 5K bytes of symbdol
table entries can bde supported on this size machine.
Modification of the compiler and interpreter programs car be
accomplished to take advantage of larger machines. The

programs that make up the compiler and interpreter package

require 52K bdytes of disk storage.
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I. INTRODUCTION

A. BACKGROUND

The NPS MICRO-COBOL Compiler/Interpreter was initially
(1976) [2]) developed to demonstrate that it was feasidle to
implement & COBOL ccmpiler on a microcomputer. It was krown
that the COBOL language used would have to be a subdbset of
ANST COBOL because of the restriction imposed bdy the size of
a microcomputer memory. A subset of ANSI COBOL, specifically
the Navy’s Autbmated Tata Processing Equipment Selection
Office (ADPESO) BYPO-COBOL (4], was selected as the Dbasis
for the implementation. Additional motivation was provided
by the DOD requirement that all computers used in a
non~tactical environment bde capable of executing COBOL
programs.

The previous work was directed toward six major areas:
1.) selecting a suitable COBOL sudset to operate on, 2.)
developing the associated grammar for the language, 3.)
determinirg what type of compiler to design, 4.) designirng
and coding the compiller, 5.) designing and codirng the
interpreter, and 6€.) testing and dedugging of the storage
allocation and symbol tadle entries of the compller.

The choice of a suitadle language was originally bdased

on BYPO-COBOL, since this is a Department of the Navy

approved sudset of COBOL, designed to place minimal




requirements on a system for compiler supvort. Vhere
possidle, short constructs were used in the place of 1longer
oces., Where more thar one reserved word served the same
function in COBOL the shortest form was used. There is no
optional verdage in the 1language, and no duplicate
constructs perform the same function. Limits were placed on
all statements that had a variadle input format so that all
statements had a fixed rmaximum length. Where possidle, such
constructs were removed completely from the language. In
addition, user defined 1identifier names were 1limited to
twelve characters to reduce symbol tabdle storage
requirements.

Rather than include the standard levels of
implementation for all of the modules 1ir EYPO-COBOL,
constructs were included only as required. In addition to
low 1level constructs, THE PERFORM UNTIL was included to
allow better program structure. Further Justificatior for
the manner of sudsetting and a highly detailed description
of each element of the language 1is contained in the
HYPO-COBOL language specifications reference 3.

The grammar for the MICRO~COBOL language vas defined as
LALR(1). The compiler design was bdased on a table-driven
parser for the LALR(1) grammar. The algorithm used to
develope the parse tables for the corpiler was developed by
W. R. Lalonge ([20].

The basic design and coding of the corpiler and




interpreter wvas completed prior to the current thesis work
by Scott Allan Craig [3]. Modification to the original
thesis work was conducted by Phil Mylet (18). 1Initial
testirg and debdbugging of Part One was conducted by Jim
Farlee and Michael Rice[9].

3. OPERATING ENVIRONMENT

The NPS MICRO-COBOL compiler and interpreter are
designed to run under the CP/M operating system or ar 8080
or 280 bdased microcomputer with at least 22K bytes c¢f main
memory. The compiler programs are desigred to use no more
than 14K dytes of main memory, while the interpreter program
uses aporoximately 12K bytes. The compiler and 1interpreter
require 52K bytes of disk storage for the progrars that make
up the compiler/interpreter package. For 1iaformation on
creating MICRO-COBOL source programs and CP/M see references

5 and 6.

C. GOALS AND OBJECTIVES

The major goals of this work were 1,) Modify the
existing compiler to allow use of the ADPESO validatior test
programs, 2.) Correct all known errors as outlined by Farlee
and Rice(18]), 3.) 1Irplement all constructs not previously
implemented, 4.) Verify that NPS MICRO-COBOL met HYPO-COROL

standards, and 5.) Extend the existing corpiler/interpreter

10

i
}

o GRRIMTI 1= dot, YR 2~ D43 T

o




package with some of the more frequently used high level

COBOL constructs.

In addition to the above goals, it vas considered
beneficial to update and incorporate all previous
documentation into the present NPS MICRO-COBOL
compiler/interpreter documentation. This documentatior s

included in this thesis.

D. PROBLEM DEFINITION

For software performance assessment, a series of simple
COBOL source programs and the Navy ADPESO FYPO-COBOL (4]
validation test programs (HCCVS) were compiled and execution
was attempted. Initial results of the ADPESO validation test
prog-ams produced over 4P¢ compile and run time errors. Some
of the errors were known previously as outlined in the
previous thesis work by Farley and Rice(9]. The elimirnation
of these problems plus the goals outlined adecve formed the

foundation for this thesis.

E. PROBLEM SOLUTION

The ADPESO validation test programs could cot be used
for testing the compller/interpreter until three areas wvere
corrected. 1.) File 1/0 was inadequate to generate usabdble
intermediate code, 2.) the IP-THEN-ELSE construct would not

allov multiple statements to be performed, arnd 3.) the Move
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Numeric ¥dited command was not implemented. The file 1/0
problem was corrected by Doug Loskot[15) as a class project
early in this thesis effort. A new IF-THEN-T'SE construct
allowing the use of multiple statements in both the 'TEEN
and "ELSE” clauses was irmplemented by Robert Hartel and Poug
Stowers [19] as another class project. Implementation of the
Move Numeric Fdited cormand was completed by the author
early 1in the thesis effort and allowed the validation test
programs to be used for testing.

Once the validation oprograms could bYe compiled and
executed, testing and debdugeginz continued at a more rapiad
pace. All the errors exposed by the test progrars as well as
the known errors outlined in Appendix G of Farlee and
Rice(9] were corrected, with the exception of the tests
dealing with the Interprogram Communication Module. :

The grammer 1ir Part Two of the compiler was not
constructed to allow the name of a called program to be
stored. This required a change to the existirg grammar. In
addition to modifing ¢the grammar for subroutine calls, a
change to allow nesting IF-TBEN-ELSE, NEXT SENTENCE option,
the PERFORM VARYING verd, the COMPUTE verb and the lcglical
operators AND" and "OR” were defined in the grammar.

The grammar change was implemented in two steps. First
the IP-TREN-FLSE statement, which included nesting and an
END-IF clause, and the PERFORM VARYING statement was

irplermented as a class project by Carol Cagle[2). The

12
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present grammer is the result of the second chanrge and
includes the COMPUTE verd, logical operators, GIVING clause
for the arithemetic operators and the charge that enabdled
implementation of the Interprogram Communications module. In
it°s present form all of the specifications of EYPO-COBOL
are met or exceeded. Irc addition to the corstructs
previously mentioned the new grammar will be abdle make the
environment divisior optional, handle null paragraphs
(paragraphs with no statements) and multiple open, close,
display, add, and subtract statements as vell as
multi~-dimensional tadles. Appendix G contains a list of
constructs that have been defined in the grammar dut not yet

irmplerented.

F. SYSTEM OVERVIEW

NPS MICRO-COBOL is a compiler/interpreter package. The
compiler consists of three modules that combine to produce
tvo files., The first file is an intermediate code file acd
the second 1s a 1ist file containing any compilation errors
and the line that caused the error. The ¢first and seconi
modules are cordbined together to form a module calleil
COBOL.COM, The command COBOL <file name> 1initlates the
compilation sequence., The first module (PART I) opens the
input file, 1ist file and code file, moves the second

module, READER, to high memory for later use, and then

13
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starts compiling the input file through the word PROCEDURE
‘ in the sentence PROCEDURE DIVISICN. The symbol tabdle is
f i built starting at a storage location just adove PART I ani
can use all availadle memory up to the base of the RFADER
routine previously moved to high memory. After PROCEDURF 1is
parsed control 1is trarsfered to the READER routire which
then copies the third module (PART II), 1into memory over
PART 1. Compllation continues to the end of the input file
using the symbol tabdle comstructed from PART I. The symbdol
tadble car bde added to by PART II up to and including the
area previously used by the READER routine as REATER {s no
longer needed. This scheme allovs the use of all available
free memory for the symbol tadle. At the end of the {nput
file all files are closed and the compilation process is
complete.
Error recovery/management is accomplished usirg the ad
hoc panic mode technique discussed in Aho and Ullran (1].
Errors are ancouced to the user by a two letter code. The
user is required o0 look up the meanings of these codes in
order to urderstand the full sigrificance of each error Ddut

1t was felt ¢that this technique was necessary to keep the

size of the compiler/interpreter package to a minimum,
The command EXEC <{file name> causes the load routine
BUILLT to be loaded into memory. The BUILD routine opens the

intermediate file created by the first phase and sets up the

core image of the pseudo machine. Control transfers to the

14 :




INTRDR routine (Interpreter Reader) which reads the third

module CINTERP into memory. This is the interpreter and once

loaded corntrol is passed to it and program execution begins.

15
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II. NPS MICRO-CO3BOL COMPILFR

A. GENERAL DESCRIPTION

The MICRO-COBOL compiler is a one pass compiler that
scans and parses MICRO-COBOL source programs, and generates
intermediate code (pseudo-instructions) for the 1interpreter
(pseudo-machine). The scanner design 1is similar to most
other scarner implementations. The parser is an LALR(1)
tadle~driven design, irplemented in the PLMEZ prograrming
language [18). The parse tables, as stated before, were
generated using an algorithm developed at the University of
Toronto [20].

The corpiler reads the source program from a disk file,
extracts the needed information for the symbol table and
writes pseudo-instructions to an interrediate code file. To
accomplish this function, the compiler consists of three

modules: PART ONE, READEP, and PART TVWO.

B. SYMBOL TABLE

The symbol table s the key data structure in the
compiler. Information concerning 1identifiers, files, and
records specified in the DATA DIVISION of the MICRO-COBOL
source program is stored in the symbol tadle, along with
ladels specified in the PROCEDURE DIVISION.

The symbol table structure consists of: 1.) a sixty-four

16
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address hash tadle, 2.) a fixed 1length field of fourteen
bytes for each symbol table entry, and 3.) a variadle length
field to hold the name of each identifier. Since each
identifier name is limited to fifteen ASCII characters the
symbol tadle entry for identifiers can vary in lergth from
fourteen to tventy-nine dytes. The bytes of each symbol
tadle entry are grouped into various fields of eifther one or
two bytes depending on the storage requirements. The
fourteen bytes of the fixed length field entry are numbdered
from zero to thirteen apd the variable length field bdegirs
with bdyte fourteen. In referencing a specific field a bdyte
index with a value from zero to fourteen is utilized.

The symbdbol tadle entry for a single identifier could
contain up to nine different attridbutes of that identifier,
although not all 1dentifiers required the ;ull range of
attridutes. The various fields in the symbol tadle contained
different irformation depending on whether, for example, ac
identifier was a numeric or alphanureric type. Four of the
fields cortained the same irformation for all iderntifiers.
These fields were: 1.) fleld zero (dytes zero and one )
contained the collision 1link, 2.) field one (byte two)
contained the type of the identifier, 3.) field two (dyte
three) coctained the length of the identifier name, ard 4&.)
field thirteen (byte <fourteen) was the bdeginning of the
ASCII charecter representation for the identifier nare. It

should bYe noted that an identifier of type FILLER would not

17
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have a name associated with it, so field two would cortain a
zero and field fourteen would not exist.

Entry into the symbdol tadle is accomplished by using a
HASF function on the ASCII character representation of tae
identifier name. This functicn generates an even numbder
between zero and 12€. The number is used as an index into
the hash tabdle by specifying an offset from the dase of the
hash tadle. The hash tadble can hold sixty-four uniquely
determined address references to identifiers. The hash table
entry assoclated with each index reference heads & linked
list of 1identifiers with the same BASE function value. The
linked 1ist structure provides for additional identifier
storage and therefore the numbder of unique identifiers is
not limited by the sixty-~four index values generated dy the
HASY function. A zero entry in the hash tabdle indicates that
there is no identifier with that HASH function value. In
tracing through the linked 1list of identifiers the rmrost
recently declared varlabdle appears at the end of the list.
See figure [I1I-1] for an example of the computatior of a
hash value. See figure [II-2] for an example of the hask

tabdle indexing and linking of hash values,

18
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HASH VALUE COMPUTATION

HASE Punction value: sum of 1identifier ASCII characters
logically and with 3FE then shifted left (SEL) one bdit.

EASHBASE = 2002H
H.F.(AB) = FASHBASE + SHEL(((418H + 42K) AND 3FH),1) = 2¢0€H
B.F.(BA) = HASHBASE + SHL(((42E + 41H) AND 3FH),1) = 2@@6E

FIGURE II-1

FASH TABLE, SYMBOL TARLE LINKING

£t iy

A A

| emeeccne——| 2128° e

i ! ! collision!

:-----—--, 212€H g ;%ng for E <--—-E

1 t A i 1

| e ———| 21248 | mmmem ! 22001

- - - - !

| ~meme————{ 2008H e em e

! 21F¢E | » > | collision}

| s==—ee—e—| 2006H | link for | D>d--
- ! "AB !

fm=—em————=! 21Fe

cmceeme——| 2000H

FIGURE II-2
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1. Numeric Values

The symbol tabdle entry for numeric values can
contain up to eight attridbutes of the variadvle, These
attridutes are: 1.) identifier type, 2.) length of variabdle
name J3.) bdeginning address of variadble storage, 4.) numeric
count (number of storage locations required by the
identifier), 5.) 1level numbder, 6.) number of digits to the
right of the decimal point, 7.) the variable name, and 8.) a
previous occurs pointer. The previous occurs pointer \is
appended after the identifier name only if needed. Since
most declarations will not require the use of this pointer,
a saving of three bdytes per variadle declaration {is
realized. It was felt that the increase in the total numbder
of variables that could bde declared in a giver merory size
outveighed the increased complexity in symbol tadle access
time, Pigures [II-3] and (II-4] i1llustrate, respectively,
the following two COBOL declarations:

@1 NUM PIC 9(9).
@2 NUM PIC 9(6)V999 OCCURS 12.

2, Numeric Edit

The numeric edit symbol table entry expands on the
numeric symbol entry and utilizes bytes eight and nine to
hold the bdeginning address, in the constants area, of the
edit field mask. This mask allowved for the insertion of the

20

STRTH T

T R O~

L TV P YR 8 17 & Ty 7 e




following characters into the output 4display of & numeric
number: fixed amd floating dollar signs, credit(CR) ard
debdbit(DB) signs, asterisk fill, "2° char;gter £411, and plus
("+") and minus ("-") signs. It should be noted that an
fdentifier with a numeric edit field value cen not de usel
in an arithmetic statement. Figure [II-5]) 1illustrates the
following COBOL declaration:

1 NUM PIC +$222,229.99.
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NUMERIC SYMBOL TABLE ENTRY.

] BITE SYMBOL TApL! VALUE
e-1 collision link -
(00 @0)
h 2 type identifier
‘ { (10)
3 length of identifier
name (03)

beginning address
4-5 of identifier
storage (g4 25)

6-7 length of identifier
| storage (09 @)

8-9 '-;ot used

1¢e ' level entry (01)

11 { decimal count (29)

12-13 occurances (290)

14-16 identiflier name
(4E 55 4D)

@1 NUM PIC 9(9).
FIGURE II-C
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NUMERIC SYMBOL TABLE ENTRY WITH DECIMAL
AND OCCURS CLAUSE

BYTE SYMBOL TABLE VALUE
0-1 collision link
(99 2B)
2 type identifier
(19)
3 length of identifier
name (@3)
‘ ! beginning address
; 4-5 of identifier stor-
1 | age (ep 25)
{] [} -
. 6=" length of identifier
. storage (@9 0@)
]
8-9 not used
12 level entry (02)
11 decimal count (23)
12-13 occurances (@C)
14-16 identifier name
(4E 55 4D)
17-18 previous occurs

pointer 00 00

19 dimension counter

2 NUM PIC 9(6)V999 OCCURS 12.
FIGURE II-4




NUMERIC SYMBOL TABLE ENTRY WITH EDITED FIFLD

BYTE | SYMBOL TABLE VALUE
L]
0-1 colision link
' (29 2E)
]
2 | type identifier
(80)
2 | length of identifier
name (03)
| beginning address
4-5 ! of 1dentifier stor-
! age (@D 25)
]
6-7 length of identifier
' storage (29 90)
| -
| beginning address
8-9 ! of mask storage
(25 FE)
10 ! level entry (01)
11 . decimal count (02)
]
12-13 occurances (@0)
14-16 identifier name
(4B 55 4D)
21 NUM PIC +$222,229.99.

FIGURE II-5
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3. Alpha or Alphanumeric

The alpha and alphanumeric symdol table entries

appear similarly in the symbol table except for their type

fields. Six entries appear 1in the symbol tadle for these
identifiers: 1.) identifier type, 2.) length of 1identifier
name, 3.) bYeginning address of storage, 4.) numbder of
storage locations required by the 1identifier, 5.) 1level
entry, and 6.) identifler name. Figure [II-6] illustrates an
alpha symbol table entry for the following 1identifier
declaration:

@1 ALPFA PIC A(8).
4. Alpha Edit

The alpha edit symbol table entry expands or the
alpha and alphanumeric edit types and utilizes dytes eight
and nine to hold the bdeginning address of the edit field
mask. These mask fields, which are stored in the constarts
area of the pseudo-machine, contain the characters necessary
to edit an output so that, for example, slashes or blanks

can bde interspersed in the display output.

25




ALPHA SYMBOL TABLE ENTRY

> T

L PR 2

)

Pr R

BYTE ' SYMBOL TABLE VALUE
{
P-1 collision lirk
(09 29)
2 type ldentifier
(28)
o3 length of identifier
; (95
[]
| beginning address
4-5 { of identifier
storage (16 25)
6="7 | length of identifier
storage (@8 @@¢)
-2 | not used
10 ' level entry (21)
1
11 not used
12-13 not used
13-17 identifier name
| (41 4C 50 48 41)
@1 ALPHA PIC A(8).

FIGURE II1-6
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S. Tables

NPS MICRO-COBOL supports multiply indexed tables uv to a
maximum of ten levels. The choice of ten levels was based on
a compromise bYbetween a single level of HYPO-COBOL and 49
levels proposed for the new 1988 ANSI COBOL standard. The
l1imit of ten levels is a restriction for HYPO-COBOL and the
nucleus level 1 constructs of ANSI-COBOL. These tabdles are
established by using an OCCURS clause with the PIC clause of
an identifier. If an identifier 1s specified as a tadle the
numbder of occurances of the table are placed in dyte twelve
and thirteen of the symbol tadle entry for that identifier.
The tabdle identifier in COBOL is similar to the subscripted
variadle in other programming lamguages. The previous occurs
pointer showr ia FIGURE II-4 1{is used to irdicate where
variables are located and how many occurances exist to
enadle the compiler to generate the proper base address. For
example, the statement, 902 NUM PIC 9(9) OCCURS 127,
generates the symbol table entry illustrated ir figure

(11-4].
6. Labdels

Labvels generate the simplest of all symbol tabdle
entries, only four or five attridbutes are associated with
the ladel, The variabdility depends on whether the ladel is

declared in the source program defore or after the labdel s
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referenced dy a GO or PFRFORM statement. In the event that a

labdel is specified Yefore a GO or PERFORM statement
references it, the symbol table would contain the following
1.) the type associated with ladel, 2.) the length of the
idertifier name, 3.) the address of the first intermediate
code 1instruction following the appearance of the labdel in
the source program (bytes four and five), 4.) the last
executabdble instruction associated with the labdel (dytes
eight and nine) (This would be either the 1last executable
instruction encountered before another label or the end of
the program), and 5.) the ladel name.

Ir the event a label 1is referenced by a GO or
PERFORM statement DYefore the ladel actually appears in the
code, the symbol tadble entry performs a different function
than just 4indicating the Dbeginning and ending of the
paragraph assocliated with the label. The same symdol tabdle
flelds are used, however their meanings are different. The
type 1s set to that of an unresolved label (@FFH). The 1labdel
remains unresolved until the bdeginning and the ending
addresses of the associated paragraph are determined. If a
label 1is never resolved dy the end the input file, an error
for each unresolved ladel is produced as a warning to the
user.

When a label is referenced for the first time dy a
GO statement the symbdol tadle s 4initialized with the
following: 1.) unresolved label type (@FPFPH), 2.) the address

7, Sl YERA-arciowaeas
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of the GO statement (the intermediate code would be BRN 02
@0 where the zeros indicate where the address of the labdel
1s to bYe Dackstuffed. See section III-D for specific
explanation of pseudo-machine inmstructions), 3.) the
remainder of the ladel entries would dbe the Ssame except no
entry is made for the last executabdle instruction associated
vith the ladel. If an additional reference is made to the
ladel by a subdbsequent GO statement the following action
would occur: 1.) the current address (bytes four and five)
wvould bdYe ©placed in the dranch address of the GO statement,
2.) the address of this dranch statement would be placed 1in
bytes four and five of the symdbol tabdble entry. This
procedure facilitates linking tozether all ucresolved
references to labels so as & result wvhen the labdel is
resolved the correct branch address can easily be placed
into the intermediate code.

Encountering a PERFORM statement before a labdel is
declared causes the followirng actions: 1.) Bytes four ard
five contain the address of the next bdyte of intermediate
code following the PER intermediate code 1instruction, and
2.) bdytes eight anrd nine contain the address of the thiri
byte following the.P!n instruction., If a sudbsequent PERFORM
statement 1s encountered Dbdefore the labdel 1s resolved the
tvo address fields in the symdbol tadle would bdYe copied to
the associated bdytes followirng the most current PERFORM
statement and the address of the first arnd third bdytes

29




following the PER instruction would be copied icto the
symbol table. It should be pointed out that any number of
PERFORM and GO statements can be specified bdbefore a ladel is

resolved.

7. Filles

The symbol tadble entries for files are the most
difficult to understand. The complexity of the entries 1is
due to the way files and records are declared in a
MICRO-COBOL program. The symbol tadle entry for a file
consists of the followirg: 1.) byte two contains the type,
2.) byte three contains the length of the file name, 3.)
bytes four and five contain the address in the symbol tabdle
of the first 21 level record associated with the file, 4.)
bytes eight and nine contain the beginning address of the
file control dlock and imput/output bduffer for the file,
(this would be the actual address in the data section of the
pseudo-machine for the bdeginning of the 165 bytes associated
vith the file), 5.) if the file has a key entry assoclated
vith 1t (access via RANDOM or RANDOM RELATIVE) bytes ten and
eleven contain the symbol tadble address of the access key
variadle, and 6.) the rest of the entry contains the file
name. Figure (II~6) illustrates a file entry in the symdol
tabdle,

8. Records
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This entry contains sever attributes of a record.
Three are the same as all other entries type, name, and

length of name. While the other four are: 1.) bdytes four and ;

five contain the initial storage address for the record, 2.) ;

bytes six and seven contaln the numder of bdytes of storage :

for the record, 3.) bytes eight and nine contain the symbol j
table address of the file associated with the record (this y
facilitates referencing the file when the record is

written), and 4.) bdyte ten contains the level eatry for the

record.
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FILE SYMBOL TAELE ENTRY
SAMPLE SOURCE PROGRAM FILF DECLARATION

INPUT=-0UTPUT SECTION.
FILF-CONTROL.

SELECT ROSTER-FIL
ORGANIZATION RELATIVE
ACCESS RANDOM RELATIVE NUM
ASSIGN CS81-FIL.

SYMBOL TABLE VALUE

collison link

type file '
(03)

length of file
name (05)

symbol table
4-5 | address of first
21 level record
(29 2E)

not used

BT At BT n

first address of
FCB & bduffer
(eE 286)

symdol tabdle
address of key
(33 27)

not used

file name
(52 4F 53 54 45 52
5F 46 49 4C)

PIGURE II-7
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C. COMPILER MODULE "PART ONE™

1. Purpose

The first module of the compller performs several
functions. 7PFirst, it establishes the interface hetween the
compiler ard: 1.) the input source file (of type "CBL"), 2.)
the output intermediate code file (of type "CIN’), 3.) the
output 1ist file (ot type "LST"), and 4.) the READER module
vhich reads and passes control to PART TWO of the compiler.
Second, it scans and parses the source program statements up
to the PROCEDURE DIVISION. Third, it generates output
consisting of the symbol table entries (saved in memory) and
data initialization intermediate code. A 1listing file 1is
also created vwhich will contain any compilation errors
generated and a 1listing of the source code if the
appropriate toggle is activated. See Appendix A for a list

of compiler options.

2. Coptrol Actions

By executing the command COBOL {source program>
${compiler togglesd> the odject code for PART ONY of the
compiler 1is 1loaded {into memory starting at 1PP°R (if
necessary this can be modified for different machines) by
the CP/M operating system. Execution of PART ONE loads the
source program name 1{into the {iaput file control bdlock

located at 2CH. This allowvs the source program name ¢to Dbe
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saved until actual source proeram compilation bdegins. The
compiler toggles are loaded into the 1input file control
block 1located at 6CH. These optional toggles are used later
to initialize certain features such as code, nocode, 1list,
nolist, etc. See Appendix A for a complete list of options.
Next, the control program, READER, 1is moved to high

1 memory Just below the 3BIL0S (see reference 4 for an

explanation of BDOS and other CP/M associated names). Yor
example, using an INTEL Corporation 62K MIS microcomputer
system with the CP/M operating system, the READER routine is
moved to high memory starting at @DO2OH and continuing
“ through @DZFFE, This 1s done for two reasons: 1.) it allows
the symbdol tadle of the source program to begin at the next
address following the obdject code for PART ONE, and 2.)
places READER high enough in memory so that it is not
destroyed by creation of the symbol table. See figures

(11-71 and (I@-8] for illustrations of the PART ONE memory

orgasization defore and after the READER routine 1is moved.
The purpose of the REAPER routine will be explained in the

next section.




MEMORY ORGANIZATION BEFORE READER ROUTINE MOVED

BDOS

Free Area

READER Routine
Before Move

Part 1 of Compiler

FIGURE II-7
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MEMORY ORGANIZATION AFTER READER ROUTINE MOVFED

P P - - — D ——— D U - - R Y - DD e =

BDOS

READER Routine
After Move

Free Area

Reserved for Part 2

Part 1 of Compiler

FIGURE II-8
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Next, the interface detween the compiler and the {input
file <{source program)> and the output file <{intermediate code
file> is estadblished. The 1imput file control Ddlock
associated with the source file is initialized and the ircput
file is opened. The input file name is copied to the output
file cortrol bdlock (FCB) and if there is an intermediate
code file already residing on the disk, it 1s erased. The
output FCB {s 4initialized and a file directory ertry
established for the new copy of the intermediate code file.
A 1list file control block and associated buffer are created
and opened. The 1list file contains any error messages
generated bdy the compiler and the line deing parsed at the
time the error was discovered. The relative line number |{s
also provided. ¥With the list toggle activateld the list file
¥vill contain the complete input file with errors and lire
numbers.

Prior to Yveginning scanning and parsing actions, the
first 128 dyte record of the input file 1is read 1irnto the
input bduffer, located at 80H (default I/0 bduffer for CP/M).
The scanner is primed with the first character of the 1input
program, and scanning and parsing actions continue from this
point in PART ONE until the PROCEDURE DIVISION of the source
program is encountered; at this time compilation is

suspended.

3. Symdol Tabdle Entries

37
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Entries made in the symbol table by PART ONE will
consist of all identifiers declared in the DATA DIVISION of
the sburce program. By refering to the Symbol Table Section
above, an explanation may bde odtained regarding the various

types of symbol tabdle entries,

4. Intermediate Code Generation

Pseudo-instructions are written to the intermediate code
file for several different reasons while PART ONE s
scanning and parsing the source program. The first
intermediate code generated occurs when the INPUT-OUTPUT
SECTION of a source program is nonempty. ¥Within the FILE
CONTROL PARAGRAPE of this section, instructions are
generated to initialize the FCB for the file name associateld
with the SELECT statement. The name assoclated with the
ASSIGN statement is placed in the PFCB and is wused in
referencing the file on the disk.

Two other instances of 1intermediate code generation
occur ip the WORKING STORAGE SECTION of a source program,.
Anytime a record or elementary 1identifier entry has an
edited PICTURE CLAUSE, code to initialize the storage
beginning at the address specified in the formatted mask
attridute of the symbol tabdle ectry will be written to the
intermediate code file. When a record or elerentary

fidentifier entry has an associated numeric or acrnumeric

38
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VALUE CLAUSE, code to initialize the storage beginning at
the address specified in the value location attribute of the
symbol tadle entry will be written to the intermediate code
file.

The final pseudo-instruction vwritten to the intermediate
code file 4is the SCD 1nstruction. This occurs when the
parser parses the wvord PROCEDURE in the source program;
control is then passed to PART TWO and compilation

continues.

5. Parser Actlions N

The actions corresponding to each parse step are
explained bdelow. In each case, the grammar rule that is
being applied is giien. anda an explanation of what program
actions take place for that step has bdeen included. In
describirng the actions taken for each parse step there has
been no attempt to descride how the symdol tadble 1is
constructed, wvhat pseudo-instructions are generated or hovw
the values are preserved oc the stack. The intent of this
section 1s to descride vhat informatlon needs to de retained
and at wvhat point in the parse it caan be determined. VWhere
no action 1is required for a given statement, or where the
only action is to save the contents of the top of the stack,
no explanation is given. Questions regarding the actual
manipulation of informatior should be resolved by consulting

the ﬁrogram listings.
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11
12

13
14

15
16

7

18
19

{program> ::= <id-div> <e~-div)> <d-div> PROCEDURE
Reading the word PROCEDURE terminates the first
part of the compiler,

<i1d-div> ::= IDENTIFPICATION DIVISION. PROGRAM-ID.

<comment> ., <id-list>

<1d-1istd> ::= <authd> <ins> <dated> <sec>

{auth> ::= AUTHOR . <{comment)> .

| <empty>
<ins> ::= INSTALLATION ., <comment> .
| <empty>
{date> ::= DATE-WRITTEN . {commentd> .
| <empty>
{sec)> s:= SECURITY . <{comment)> .
| <empty>
{comment> ::= <irput>
| <comment> <inputd>
{e=div)> t:= ENVIRONMENT DIVISION , CONFIGURATION
SECTION. <src=-obj> <i-o0>
| <empty>
{src-obdJ> ::= SOURCE-COMPUTER . <commentd> <dedug> .
OBRJECT-COMPUTER . <{commentd> .
{dedug> ::= DEBUGGING MODE
Set a scanner toggle so that dedug 1lines will
read.
{ <empty>
<{-0> ::= INPUT-OUTPUT SECTION . FILE-CONTROL .

40
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20
21
22

23

24
25
26
27
28

29

3@

31

27

<{file-control~-list> <icd>
| <empty>
{file-control-1ist> ::= {file-control-entry>
{ <file-control-list)>
{file-control-eatry>
{file-control-entry> ::= SELECT <id)> <attridute~list> .
At this point all of the information abdout the file
has bdeen collected and the type of the file can bde
determined., File attridutes are checked for
compatibility and entered in the symbol tabdle.
<attridute-1listd> ::= <one attridd
! <attridbute-list)> <one attridd
{one-attrid) ::= ORGANIZATION <org-typed
! ACCESS <acc-type> <relatived

ASSIGN <input>
A file control dlock is bduilt for the file using the
INT operator.
{org-type> ::= SEQUENTIAL
No information needs to de stored since the default
file organization is sequential.
{ RELATIVE
The relative attridute is saved for production 23.
{ INDEXED
The indexed attribdute is not implemented.
<acc~-type> ::= SEQUENTIAL

This is the default.




;
i
i

28

29

35
36
37
38
39
490
41
42
43

44

45

46
47

| RANDOM
The random access mode is saved for production 19.
{relative) ::= RELATIVE <id>
The pointer to the identifier will bve retaired by
the current symdbol pointer, so this production only
saves a flag on the value stack indicating that the
production did occur.
| <empty>
<i¢> ::= I-0-CONTROL . <same-list>
| <empty>
{same-list> ::= (same-element)>
{ <same-11st> {same-element>
(same-element> ::= SAME <{id-stringd> .
{1d-string> ::= 14>
! <1d-stripgd> <idd>
{d-d4v> c:= DATA DIVISION . <file~-sectiond> <work)>
<1ink>
{file-section> ::= FILE SECTION . <{file-1list>
A flag needs to de set to ;ndicate completion of
the file section, so that the appropriate routine
will de called vhen parsing level entries in the
WORKING STORAGE SECTION.
| <empty>
The flag, indicated in production 44, is set.
(file-1istd> ::1= {file-elemert)
| <fi1le-11st> <{file-element>

42




48 Jd(files)> ::= FD <id) <file=control) .

{record-descriptiord
This statement indicates the end of a record
description, if there vas an implied redefinition
of the record, then the level stack (ID$STACK)
must be reduced. The length of the first record
description and its address can now be loaded

into the symbol tabdble for the file name.

49 <file-control) ::= {file-list)>

50

51
52
53
54

85
56
87

The address of the symbol tabdble entry for the
record descriding the file name is entered into an
attridute of the file name symdol tadle entry,
vhile the address of the file name’s symbol tabdle
entry is entered into an attridute of the same
record.

| <empty>

Same as 49 adove,

{file-1istd ::= {file~eplement)

| <file-1ist)> <(file-elementd>

{file-element) ::= BLOCK <{integer)> RECORDS

| RECORD <rec-count)
The record length is saved for comparison with
the calculated length from the picture clauses.
! LABEL RECORDS STANDARD
| LABEL RECORDS OMITTED
| VALUE OF <{id~string>

43
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58 <rec-count)> ::= {integer)>
59 | <integer> T0 <{integer) 8
The TO option is the only 1indication that the file .

vill ©bYe variadle length. The maximum length must bde
saved.

60 <work)> ::= WORKING-STORAGE SECTION . {record-description>
If the level stack (ID$STACK) contains a record

identifier with a level number greater than one,
then the stack must be reduced. The reduction
depends on vhether the identifier on the top of
the stack is a redefinition of the item deneath i
it or not. The primary actior is to assign the i
proper amount of storage to the last record in
the WORKING STORAGE SECTION. )
61 | <empty>
62 <1link)> ::= LINKAGE SECTION . <record-descriptiond
63 | <empty>
64 <record-descriptiond ::= (level-entry>
65 {{record-description> (level-ertry>
66 <level-entry> ::= {integer) <{data-1a) <{redefines>>
{data-type) .
The symdol tadle address for the level eatry
identifier is loaded into the level stack
(IDSSTACK). The level stack keeps track of the
nesting of field definitions (elementary items)
in a record in the FILE and WORKING STORAGE

44 i
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SECTIONS. At this point there may bde no infor-

mation adout the length of the item bveing defired
and its attridutes may depend entirely upon its
constituent fields. Within the FILE SECTION,
multiple record descriptions for a file are
assumed to de redefinitions of the first record
description. In the WORKING STORAGE SECTION, 1if
there 1s a VALUE CLAUSE, the stack level to which
it applies is saved in PENDINGSLITERAL, the level
entry numder is saved in VALUESLEVEL and a flag,
VALUESFLAG, is set,

67 <data-1d> ::= <{id>

68

{ FILLER
An entry is built in the symbol tadle to record
information about this record field. It cannot be
used explicitly in a program because it has no name,
but its attridutes will need to de stored as part of

the total record.

69 <redefines> ::= REDEFINES <1d>

The redefines option gives new attridutes to a
previously defined record area. The symbol tadle

pointer to the area bdeing redefined 1s saved in an

attridute of the redefining identifier’s symbol tadle

entry, so that information can bde transferred to tke

area bdy either identifier. In addition to the inform-

ation saved relative to the redefinition, it is nec-
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70

"
72
73
74
K4

{data~-typed> ::= (prop-listd

<prop-11st> i1:= (data-element)

{data-~element> ::= PIC <{inputd

essary to check to see {f the current identifier’s
level number is less than or equal to the level numbder
of the jdentifier currently oz the top of the level
stack. If this is true, then all information for the
item on top of the stack has deen saved and the stack
can bde reduced. If the current identifier is a redef-
{nition of another identifier, the stack entry for the
record being redefined is not removed until the first
non-redefinition of a current identifier at the same
level.

| <empty>
As in production 64, the stack (ID$STACK) is checked
to determine 1f the current level number indicates a
reduction of the level stack is necessary. In add-
ition, special action needs to de taken if the nev
level is #1. 1If an @1 level is encountered at this
production prior to production 39 or 40 (the end of
the file area), it i1s an implied redefinition of the
previous @1 level record. In the WORKING STORAGE
SECTION, it indicates the start of a new record.

| <empty>
| <prop-1ist)> <data-element)

The <inputd at this point is the character string
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76

77

78

79

81

that defines the record field. It 1s analyzed and tne
necessary extracted information is stored in the
symbol tabdle.

| USAGE COMP
The field is defined as a dirary field; however,
COMP has not bdeen implemented, therefore, if
there is an associated VALUF CLAUSE, the value is
entered into the associated identiftier’s value
storage location in display format.

| USAGE COMP-3
The field is defined as a packed Binary Coded Decimal
field.

! USAGE COMPUTATIONAL
Optional form of USAGE COMP.

| USAGE DISPLAY
The DISPLAY format is the default, and thus no
special action occurs.

| SIGN LEADING <separated
This production indicates the presence of a sign in
a numeric field, The sign will be in a leading
position. If the {separate) indicator is true,
then the length will bde one longer than the PICTURE
CLAUSE, and the type will bé changed to signed
aumeric leading and separate,

| SIGN TRAILING <separated

The same information required dy production 7?3 must
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be recorded, dut ir this case the sign is trailing

rathér than leading.
OCCURS <integer)> INDEXED <id>
OCCURS <integer)>

82
83

The type must dbe set to indicate multiple
occurrences and the anumder of occurrences saved
for computing the space defined by this field.
84 | SYNC <directiond
Syncronization with a natural bdoundary is not

required by this machine.

85 ! VALUE <literal>
The field being defined will de assigned ar initial
value determined by the value of the literal through
the use of an INT operator. This is omly valid in
the WORKING-STORAGE SECTION. Note that numeric and

signed numeric PICTURE CLAUSES wvill have a numeric
~= no quotes delimiting -- VALUE CLAUSE, while
alphanumeric and alpha types will have a nonnumreric

== literal delimited with quotes —- VALUE CLAUSE.

86 <direction> ::= LEPT
f 87 ! RIGHT
' 88 | <empty>
89 <(separated ::= SEPARATE
The separate sign indicator is set.
90 | <empty>
91 {literald ::= <inputd




92

93

94
95
96

97

D.

The input string is checked to see if 1t is a valid

numeric literal, and 1f valid, it is stored to be

used in a value assignment.

! <11

This literal is a quoted string.

{ ZERO
As the case of all literals, the fact that there
is a pending literal needs to be saved. In this
case and the three following cases, an indicator
of which 1iteral constant 1is Ddeing saved is
all that is required. The literal value can bde
reconstructed later.

| SPACE

{ QUOTE

{integer)> ::= <input)

The input string is converted to an integer value

for later internal use.

<id> ::= <input>

The input string is the name of an identifier and
is checked aginst the symdbol tadle., 1If it is in the
symbol tadble, then a pointer to the entry is saved.
If 1t 1is not in the symdol tadle, then it is

entered and the address of the entry is saved.

INTERFACE ACTIONS
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When compilation 1is suspended {in PART ONE of the
compiler certain key variadles are saved for use in PART
TWO. These variabdles are declared sequentially in PART ONE
and are therefore 1located in contiguous memory in the
variable area of PART ONE. These variables consist of
dedbugging toggles set when 1invoking the compiler, 1i.e.
sequence or token numbders, a pointer to the rnext avallabdle
address in the symdol tadle, a pointer to the next character
in the input source file, the output and list file control
blocks, the output and 1list buffers, the error counter, tke
next address in the intermediate code area, the next address
in the constants area, ana the base address of the symbol
tadle. These key variables, consisting of 353 bytes, are
copied to the 353 bytes immediately belov the READER routire
to insure they are not destroyed when PART TWO of the
compiler 1is ©bdrought 1into memory. Since the memory area
required for PART ONE is larger than that required by PART
TWO the symdol tadle does not need to be relocated. Since
the symbol tadle 1is not altered wvhen PART TWO of the
compiler is brought into memory only the base address of the
symbol table and the last address of the symdol tadle neeld
be saved to insure that access to the symbol tadle can Dde
continued in PART TWO. See TFigure [II-10]) for an
illustration of the memory organization when control s
transfered from PART ONE to READER. The READFR routine
causes PART TWO of the compiler to de bdrought 1into memory
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starting at 100H and then transfers control to PART TWO of
the Compiler.

E. COMPILER MODULE "PART TWO"

1. Purpose

The second part of the compiler scans and parses the
MICRO-COBOL source statements starting with the PROCELCURE

DIVISION and generates the necessary intermediate code.
2. Control Actions

The first action after coatrol is transfered to PART TWO
from the READFR routine is to copy the 353 bdytes of
information saved from PART ONE into associated variabdles in
PART TVWO. After these variables are initialized all
references to files, symbol tadle entries, atc. can be made
in PART TWO and compilation can continue. See Figure [1I-11)
for an {llustration of the memory organization at the time

PART TVO begins compilation.

3. Symbol Tadle Entries

Entries made in the symbol tadvle dy PART TVO will  Dbe
those for paragraph ladels encountered within the PROCETCURE
DIVISION of the source program.

4. Intermediate Code Generation

51
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For an explanatiorn of the pseudo-instructions that are

F, generated by PART TWO refer to the compiler program listings

and the parser actions below., Also, for general irformation

on pseudo-instructions refer to section III-D. 2
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MEMORY ORGANIZATION WHEN CONTROL IS TRANSFERED TO REALER

Top of Memory
| !
!
! BDOS i
2D100E
READER Routine
! | eDeeeoH
{ PART ONE
{==> .l Saved Variabdles
' | @CCODE
A |
| J |
| I |
) ]
H 1
Pree
} Memory
Top of
Symbol Tabdle
Lo |
Symbol
' Tabvle b
S800F
PART ONE
{-<< | Variabdle Area
! '
] {
PART ONE
1028
| 000H

FIGURE II-10
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i MEMORY ORGANIZATION AFTER PART TwO IS COPIED INTO MEMORY

Top of Memory 1

RO W

BDOS

[ @D100E :
READER Routine i

- ©Do0PH a

PART ONE v
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FIGURE II-11 ;
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S. Parser Actions

R

The actions corresponding to each parse step in PART TWO

IS

are explained below. In each case, the grammar action that 8
1s bYeing applied 1is given, and an explanation of what 2
program actions take place for that step has been included.
In descriding the actions taken for each parse step there

has bdeen no attempt to descridbe how the symbol tabdle entries

are made, what pseudo instructions are generated or how the
values are preserved on the stack. The 1intent of this
section 1s to descridbe what iaformation needs to be retained
and at what point in the parse it can be determined. Where

no action s required for a given statement, or where the

only action is to save the contents of the top of the steck,

Jio explanation is given.
1 <p=-dlv> ::= PROCEDURE DIVISION <using> .
{proc=dody> EOF

o )

ravary

This production indicates termination of the

compilation. If the program has sactions, then
it will bde necessary to terminate the last section
vith a RET @ instruction. The code will be ended
by the output of a TER operation.
2 <usingd ::= USING <id-string)>
If the reserved word CALL is on the procedure staci ther
the PAR operator is produced followed by the addresses

of the parameters that will be passed from the calling
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program. If the reserved words PROCECEDURE DIVISION are
on the procedure stack then the identifier stack contains
the formal parameters that will be used for that procedure.
These variables are given sequential address locations
starting at @DHE so that the addresses may be resolved at run
time by getting the actual parameter address off the call
stack.
PAR <numder of parameters> <{parameter #1 address> ...
! <empty>
<id-string> ::= 14>
The identifier stack is cleared and the symbdbol
tadble address of the identifier is loaded into
the first stack location.
| <id-string> <id>
The identifier stack is incremented and the symbol
tadble pointer stackea.
{proc-body> ::= <{paragraph>
| <proc-bvody> <{paragraph>
{paragraphd> ::= <id> .
| <14> . <sentence-1list>
The starting and ending address of the paragraph
are entered into the symbol tadble. A return is
emitted as the last instruction in the paragraph
(RET ©). VWhen the ladel is resolved, it may bde
necessary to produce a BST operation to resolve

previous references to the labdel.
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10 { <id> SECTION .
The starting address for the section is saved. If
it 1s not the first, then the previous
section ending address i1s loaded and a return
(RET @) is output. As in production 9, a BST may
: be produced.

11 <(sentence-list) ::= {sentenced> .

12 | {sentence-1listd> {sentence> .
13 <sentence) ::= {imperatived

14 { <conditional>

4 15 i ENTER <id> <opt-id>

This coastruct 1s not implemented. An ENTER allows

statements from another language to inserted 1in the
source code.
16 <imperative)> ::= ACCEPT <sudid>
ACC <address> <length>
17 | <arithmetic)>
18 | CALL <call-lit)> <using)
The SBR operator is produced.
SBR {sudroutine named
19 ! CLOSE <close-1st>
CLS <file control dlock address)
20 | {file-act)>
21 ! DISPLAY <display-lstd>
The display operator is produced for the first
literal or identifier.
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22

23

24

25

26

27
28
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DIS <address> <length> <flag>
! DISPLAY <display-1st> WITH NO
ADVANCING
The DISPLAY WITH NO ADVANCING option is not implemented.
{ EXIT <program-id>
RET @
| 60 <id>
BRN <address>
| GO <id-string> DEPENDING <id>
GDP 1is output, followed by a numder of vparameters:
{the number of entries in the identifier stack>
<{the length of the depending identifierd> <the
address of the depending 1identifierd> <{the address
of each identifier in the stackd.
! MOVE <11t/1d> TO <subdid>
The types of the two fields determine the move that
is generated. Numeric moves go through reglister two
using a load and a store. Non-numeric moves depend
upon the resultant field and may be either MOV, MED or
MNE. Since all of these instructions have long
parameter lists, they have not bdbeen listed in
detall.
| OPEN <act-lst)
| PFRPORM <1d> <thrud <finishd
The PER operation is generated followed dy the

{bdranch address> <the address of the return
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statement to be set)> and <{the next instruction
E addressd>,
29 ! STOP <{terminate)

If there {s a terminate message, then STLC is

produced followed Dy <{message address> {message |

length)>., Otherwise STP is emitted.
30 <close-lst> ::= (idd>

31 | <close~-1std> <id>
Multiple close option is not implemented.
32 <display-lstd> ::= <1it/1d>
33 | <dtsplay-lstd> <1it/i1dd>
Multiple display option is not implemented.
34 <act-lstd ::= <type-§ctlon> <open-1st>
This produces either OPN, OP1, or OP2 depending
upon the <type-action>. Each of these is followed
by file control block address.
35 | <act-1st> <{type-action)> <open-1st)
36 <open-lstd> ::= <id)
37 { <open-1lstd> <id)>
Multiple open option is not implemented.
38 <finish> ::= <1/1d> TIMES
This produces the code to perform a paragraph <1/i1d> TIMES.

39 { <stopconditiond>
40 | {varying> <{(iterationd> <{stopcenditiond>
41 | <empty>

42 J<stopconditiond ::= UNTIL <condition>
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48
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{varying> ::= VARYING <subid>

{iterationd> ::= {fromd> <by>

{from> ::= FROM <1/1d>
The counter is initlalized to <1/1idD.

<bdy> ::= BY <1/1d>
The counter is incremented BY <1/1d).

{conditional) ::= <{arithmetic)> (size-error> <{imperative>
A BST operator is output to complete the dranch around
the imperative from production 117.

| {file-act> <invalid> <imperatived
A BST operator is output to complete the branch from
production 116,
! <read-i1d> <{speciald> <imperative)
A BST is produced to complete the bdranch arourd the
{imperative).
! <if-nonterminal)> <comdition>
{if-1st> <elsed> <if-1st> END-IF
NEG will bde emitted unless <{conditiond is a
"NOT <cond-typed>”, in which case the two negatives
vill cancel each other. Two BST operators are required.
The first fills in the bdranch to the ELSE action. The
second completes the bdbranch around the <{if-1lst)>
vhich follows ELSE.
! <if-nocterminal> <(condition)
<if-lst)> END-IF
if=1std> t:= (stmt-1st>
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! NEXT SENTENCE
A bdranch operator is produced to dranch to the end of

the current sentence.

54 <(else) ::= ELSE

56

57

55 <Arithmetic) ::= ADD <add-lst> TO <subid> <round>

The existence of multiple load and store 1instructions
make it difficult to indicate exactly what code will
be generateda for any of the arithmetic 1{irnstructions.
The type of load and store will depend on the nature
of the number involved, and in each case the standard
parameters will bde produced. This parse step will in-
volve the followirg actions: first, a load will bde
emitted for the first numbder 4into register zero. If
there is a second number, then a load 1into register
one will be produced for it, followed by an ADD and a
STI. Next a load into register one will bde generated
for the result number., Then an ADD instruction will
be emitted. Finally, if the round indicator is set, a
RND operator will be produced prior to the store.
| ADD <add-1st> GIVING <subdbid> <round>
The ADD GIVING option is not implemented.
| DIVIDE <1/1d> INTO <1/id> <round>

The first numder is loaded into register zero. The
second operand is loaded into register one. A DIV
operator is generated, followved by a RND operator

prior to the store, if required.
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58 ! DIVIDE <1/1d> BY <1/1da> GIVING
<{sudid> .round)
The DIVIDE GIVING option is not implemented.

%59 { DIVIDE <1/1d> INTO <1/1d) GIVING
<{subid> <round> .
6@ ! MULTIPLY <1/1d> BY <{subid)> <round> \

The multiply 1s the same as the divide except that a
MUL operator 1s generated.
61 | MULTIPLY <1/1d> BY <1/1d> GIVING
<sudid> <round>
62 ! SUBTRACT <sub-1st> FRCM <subidd
{round>
Subtaction gernerates the same code as the ADD except
that a SUB is produced in place of the ALL.
63 ! SUBTRACT <sub-1std> GIVING <subdidd
<{round>
The SUBTRACT GIVING option is not implemented.
64 ! COMPUTE <{subdidd = <arith-exp>
The COMPUTE verd is not implemented.
65 <add-lstd> ::= <1/1d)>
66 ! <add-1st> <1/1d>

Multiple ADD option is not implemented.
67 <sudb-1std> ::= {1/1d>
68 | <sud-1st> <1/1d>

Multiple SUBTRACT option is not implemented.
69 <arith-exp) ::= (termd>




70
71
72
73
74
75
76
™
- 78
79
8@
81

82

83

84

85
86

Productions 69 through 89 are required for the COMPUTE
verb and are not implemented.

! <arith-exp> + <{term>

| <arith-expd - <{termd

i + <term)>

- <term>
<term> ::= {primary>
| <term> * {primary>
| <term> / <primary>
{primary> ::= <{prim-elem)

{primary)> ** <prim-elemd
<{prim-elemd ::= <1/44d>
! ( <arith-exp> )
{file-act> ::= DFLETE <id>
Either a DLS or a DLR will be produced along with the
required parameters.
| REWRITE <id>
Either a RWS or a R¥R is emitted, followed by parame-
ters,
| WRITE <1d> <{special-act>
There are four possidle write instructiors: WTF, WVL,
WRS, and WRR.
{conditiond> ::= <dterm>
The logical OR and AND operators are not implemented.
| <condition> OR <btermd
<dtermd> ::= {bprimd
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89

90
91
92
93
94

95
96
97
98
99

100
i1
1e2
183
104

! <btermd> AND <dprim>
<dprimd ::= <1lit/1dd
! <11t> <not)> <{cond-typed>
One of the compare ianstructions is produced. They are
CAL, CNS, CNU, RGT, RLT, REQ, SGT, SLT, ard SEQ.
Two load instructions and a SUB will also be generated
1f one of the register comparisons is required.
! ( <btermd> )
{cond-type> ::= NUMERIC
ALPRABETIC

<compare)> <1lit/id>

<pnot> ::= NOT
NEG 1s ehitted unless the NOT is part of an IF
statement in which case the NEG in the IF
statement 1s cancelled.
{ <empty>
{compare> ::= GREATER
| LESS
{ EQUAL
i >
Productions 99-101 are not implemented.
I <
| =
<ROUND> ::= ROUNDED
| Cempty>
{terminate) ::= {literald
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105
106
107

108
109

{ RON
{speciald ::= {invalidd
{ END

An EOR operator is emitted followed by a zero. The

zero acts as a filler in the code and will bde bdack-

stuffed with a dbranch address. In this production

and several of the folloving, there is a forvard

branch on a false condition past ao imperative action.

For an example of the resolution, examrine production 48.
<opt-1d> ::= <{sudidd>

| <empty>

112 <{stmt=-1st)> ::= <{imperatived

111
112
113
114
115
116

117

118
119
120
121
122

i <stmt-1lstd> <imperatived
| <conditionald>
| <stmt-1st> <conditionald
<thru> ::= THRU <id>
| <empty>
{invalid)> ::= INVALID
INV 0
{size-error)> ::= SIZE ERROR
SER 0
{special-act) ::= <whend> ADVANCING <how-many>
| <empty>
{wvhen)> ::= BEFORE
| AFTER

<how-mapy>s:= {integer>
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123
124
125
126
127
128
129

130

131

132
133
134

135
136

{ PAGE
{type-actiond> ::= INPUT
| OUTPUT
{ I-0
{subdbidd> ::= {subscriptd
Y O
{integer> ::= {input)
The value of the input string is saved as an internal
numbder,
<id> ::= <{ipputd
The identifier is checked against the symdol tabdle, if
it 1is not present, it is entered as an unresolved
labdel.
<1/1d> ::= <{iaputd
The input value may be a numeric literal. 1If so, it
is placed 1in the constant area with an INT cperator.
If {t is not a numeric literal, then it must DdYe an
identifier, and it is located in the symbol tabdle.
| <subscriptd
| ZERO
<sudscriptd s:= {i1d4> ( <sudscript-1std )
A SCR operator is produced with the base address of a
variadble defined with ar OCCURS clause. Multiple
subscripting has not been implemented.
{sudscript=1lstd> ::= <{inputd>
| <sudscript-lstd> , <inmputd
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137

138

139
140
141
142

143
144
145
146
147
148

149

<call~-litd> ::= <1it>
The name of the module to be called is saved for use
in production 18.
<pn=-11td> ::= <1itd
The literal string is placed into the constant area
using an INT operator.
| SPACE
| QUOTE
{literal> ::= <{an-1it)
| <input)
The 4input value must be a numeric literal to be valid

and is loaded into the constant area using an INT

operator.,
| 2ERO
<11t/4d> s:= <1/1d>
{ <nn-1it)>

{program-id> ::= <idd>
| <empty>
{read-1d> ::= READ <id>
There are four read operations: R®RDF, RVL, RRS, ani

RRR.

{if~nonterminald::=1F
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III. NPS MICRO-COBOL INTERPRETFR

A. GENERAL DESCRIPTION

The following sections describe the NPS MICRO-COBOL
pseudo—-machine in terms of the 1implementation, memory
organization, interface actions and interpreter
instructions. The pseudo-machine, which is constructed in
the transient program area of CP/M, is the target machine
for the compiler and 1is implemented through a programmed
interpreter. The 1interpreter decodes each operation ani
either calls subdroutires to perform the required actions or
acts directly on the run time enviroament to control the
actions of the 1interpreter. All communications Detween
instructions is done through common areas iz the program
vhere 1information can be stored for later use. See figure
{1I1-1] for an illustration of the pseudo-machine
organization.

The machine contains a program counter and multiple
parameter operations which contain all the information
required to perform one complete action required dy the
language. Three eighteen digit, doudle length registers are
used for arithmetic operations, along with a subscript stack
used to compute sudbscript locations, a parameter stack to
resolve the address of actual parameters and a set of flags

wvhich are used to pass bdranching 1iaformation from one
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instruction to another.

Addresses in the pseudo-machine are represented by 16
bit values. Any memory address greater than 2¢ hexidecimal
1s valild. Addresses 1less than 2 hexidecimal will Dbe
interpreted as bhaving special significance. For example
addresses one through eight are reserved for subscript stack
references. All other addresses. in the machine are abdsolute
agdresses

The registers allov manipulation of signed mnumhers up to
ejghteen digits in length. Included in their representation
1s a sign indicator and the position of the assumed decimal
point for thé currently loaded number. Numbers are
represented in stamdard COBOL “Display or "Bimary Coded
Decimal”™ (COMP-3 or BCD) format. These numbders may have
separate signs indicated by "+ and "~ or may have a " zome"
indicator, denoting a negative sign, ir the most sigrificant
byte of a numbder’s storage location. Refore operations occur
on any number, it is converted to a vacked decimal format

and entered into one of the pseudo—-machine registers.

B, MEMORY ORGANIZATION

The memory of the pseudo-machine is divided into three
major areas: 1.) the data area is estadblished by the DATA
DIVISION statements of the source program, 2.) the constants

area vhich 1s estadlished by both the DATA ard PFROCEDURE




DIVISIONS of the source program, and 3.) the code area vhich
1s established by the PROCEDURE DIVISION.

The data area 1s the lowest area in the pseudo-machine.
This area contairs the storage for i{dentifiers declared {n
the DATA DIVISION, Additionally, the data area contains tae
File Control Block (FCB) and the bduffer space (128 Ddytes)
for all files declared in the source prograr.

Immediately following the data area is the code area.
This contiguous area of storage contains all executable code
generated. The constants area is located in high memory of
the pseudo-machine. This area contains all edit field masks
as well as all npumeric and non-numeric 1literals. Flgure
[1I1-1) 1illustrates the memory organization of tne

pseudo-machine.
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PSEUDO~MACHINE ORGANIZATION

; -7 OFBOCE Top of Memory
! Pase of BDOS
@pi1oeH
{ Constants Area ]
|
Possidble Free
. Memory
]
Intermediate !
Code Area
SCD
Data Area
| 3500H
!
Interpreter Code |
| e1e0H
3
| ooeoR

PIGURE III-1
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C. INTERPRETER INTERPACE

The interpreter coasists of tvo'interface routines and
the main interpreter program. To execute the interpreter the
command EXFC <{filename)>, (where file type is CIN), is typed
at the terminal. This action causes the two {interface
routines, BRUILD and INTRDR, to de brought into memory. See
figure [II1I-2] which 1llustrates the memory organization
immediately after BUILD and INTRDR have been copied into
memory.

The BUILD routine reads in the {interrediate code,
initializes all memory locations requirirg icitialization,
and resolves all unresolved address references. In addition
the BUILD routire 1loads subroutines into memory. If a SBR
instruction {s encountered during execution of BRUILD, the
SUBSPLAG 1s set as an indicator that sudbroutines will have
to bde loaded. The name of the sudroutine is saved and when
the TER {instruction is encountered a check of the SUBRSFLAG
is made and 1f set each subdbroutine is loaded into memeory. A
tadle similar to the compiler’s symbol table 1s used to
maintain the names, location, and status (loaded or
unloaded) of each sudbroutine. Until a sudbprogram 4is 1loaded
the actual bdranch address is not known. The same mechanism
used for resolving fervard dranches to paragravohs is used to
backstuff all previous references to the called procedure.

Once 1loaded the address 1is known so no futher actior is
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required. See figure ([III-5] for amn 1illustration of a

bi subroutine tabdble entry.

: The INTRDR routine reads the interpreter program into

i memory and transfers control to it.
The {intermediate code 1instructions fall irto tvo
categories: 1.) instructions used dy BUILD to establish the

run time environmert and, 2.) instructions to be executed by

the 1{interpreter. The following four instructions are

generated in the compiler for use by the EUILD routirce; SCD,
INT, BST, and TER.

!
¢

st . -

The SCD (start code) instruction 1s the last instruction ;
generated by PART ONE and 1indicates where the first r
executadle instruction for the intermediate code 4is to be 5

loaded. This corresponds to the address \immediately

following the data area in the pseudo-machine. See TFigure
{(II1I-1] which {illustrates the relative 1location of the
address that 1s assoclated with the SCD instruction. Figure
{III-4] tllustrates the memory organization of the

pseudo-machine when sudroutines are used.
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MEMORY ORGANIZATION AFTER BUILD ANL INTRIR
HAVE BEEN LOADED INTO MEMORY

or820n
Top of Memory

-
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@D1298
! .
!
] '
Free Memory 5
h "
1 1
] ! 1D0dE
5 INTRDR ROUTINE E
1] ]
' --! 1C80K
' !
' '
{ BUILD ROUTINE ]
) i
1] ]
{=- --=! 10208
' '
] ]
] ]
3 ! @808
1] ]
! - --! @0eH

FIGURE III-2 H




The INT (initialize) 1instructior causes the BCILL
routine to initialize the data area with the values
associated with those identifiers in the TATA DIVISION of
the source program that had VALUE CLAUSES. In addition, the
INT instruction causes the BUILD routine to 1initialize the
constants area vwith 2ll the edit masks for those identifiers
of the numeric and alphanumeric edit type, and all literals
eccountered ir the PROCEDURE DIVISION of the source program.

The BST (backstuff) instruction resolves all unresolvel
refererces, 1i.e. bdranches to ladels defined after the
respective PERFORM or GO statement was encountered {in the
source program,

The TER (terminate) instruction is the last instruction
generated by PART IWO of the compiler and indicates the end
of the 1intermedliate code file. Upon encounterirg a2 TER
instruction in the intermediate code the BUILD routine
inserts a STP instruction in its place. The STP instruction
will cause the interpreter to terminate {interpretation of
the program when encountered.

All other code generated by the corpiler is copied into
the code area of the pseudo-machine dy the BUILDI routine.
See PFigure [I1I-3] for an {llustration of the Trerory
organization at this point in the 1initializatioz routine.
The final action taken dy the BUILD routine 1s to rove the
INTRDR routine into the fnput dbuffer at 6¢H and trapsfer

control to it. This frees the area fror 1@@F to the base of
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the data area for the intervreter.

The INTRDR routine reads the {interpreter program into
memory starting at 100H and transfers coatrol to it. From
this point on the {irnterpreter program executes the

intermediate code that was loaded into the pseudo-machine.
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; MEMORY ORGANIZATION AFTER INTERMEDIATE CODF IS
E LOADED INTO MEMORY AND BEFORE THE INTERPRETER
IS LOADET
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D. PSEUDO-MACHINE INSTRUCTIONS
This sectior briefly covers the pseudo-machine
instructions used in the interpreter, their format, and the

actions which they accomplish.

1. Forrat

All of the Iinterpreter 1instructions consist of an
instruction number followed by a 1list of parameters. The
following sections describve the instructions, list the re-
quired parameters, and describe the actions taken by the
machine in executing each instruction. In each case, parame~-
ters are deroted informally by the parameter name enclosed
in drackets. The BRN bdranching 4instruction, for example,
uses the single parameter <{branch address> which is the tar-
get of the unconditional bdranch.

As each {nstructior number is fetched from memory,
the program counter is incremented by one. The program
courter is then either incremented to the next 4{instruction
number, or a branch is taken.

The three eighteen digit registers which are used by
the 1instructions covered in the following sectiors are re-

ferred to as registers zero, one, and two.

2. Arithmetic Operations

There are five arithmetic instructions which act

upon the three registers. In all cases, the result is
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Placed in register two. Operations are allowed to destroy
the input values during the process of creating a result,
therefore, a number loaded into a register is not availadle
for a sudsequent operation.

ADD: (addition). Sum the contents of register :zero
and register one.
Parameters: no parameters are required.

SUB: (subtract). Sudbtract register zero from register
ore.
Parameters: no parameters are required.

MUL: (multiply). Multiply register zeroc by register
one.
Parameters: no parameters are required.

DIV: (divide). Divide register one dy the value in
register zero. The remainder is not retained.
Parameters: no parameters are required

RND:(round). Round register two to the last signifi-
cant decimal place.

Parameters: no parameters are required.
3., Branching

The machine contains the following flags which are
used dy the conditional instructiorns irn this section.

BRANCEH flag -- indicates 1f a dranch is to be taken;

END OF RECORD flag — indicates that an end of

input condition has deen reached when an attempt was made
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to read input;

OVERFPLOVW flag -- indicates the loss of irformation
from a reglister due to a number exceeding the availabdle
sizej

INVALID flag =-— 1indicates an invalid action in
writing to a direct access storage device.

All of the bdranch instructions are executed by
changing the value of the program counter. Some are uncon-
ditional bdranches and some test for condition flags which
are set by other imstructions. A conrditional bdranch is exe-
cuted by testing the Dbdranch flag which is initialized to
false. A true value causes a branch by charging the pro-
gram counter to the value of the dbranch address. The bdranch
flag 1s then reset to false. A false value causes the pro-
gram counter to be inrcrerented to the next sequential in-
struction.

BRN: (branch to an eddress). Load the program
counter with the <branch address>.

Parameters: <branch address>

The next three 1instructions share a common format.
The memory field addressed by the <memory address> is
checked for the <address length)>, and if all the characters
match the test cordition, the _.anch flag is complimented
Parameters: <memory address> <address length> <dranch ad-
aressd>

CAL: (compare alphabdetic). Compare a memory field

a2




4

}

for alphadetic characters. ;
E

9

CNS: (compare numeric signed). Compare a field for

numeric characters allowing for a sign character. e

CNU: (compare numeric unsigned). Compare a field for %

numeric characters only. f

DEC: (decrement a counter and bdranch if zero).

Decrement the value of the <address counter> by one; if the
result is zero before or after the decrement, the program
counter is set to the <branch address>. If the result is
not zero, the program counter is incremented by four.
Parameters: <address coucter)> <dranch address>

EOR: (branch on END OF RECORD flag). If the END

OF RECORD flag is true, it {s set to false and the program

counter 1s set to the <branch address>. 1If false, the pro-
gram counter is incremented bdy two. :
Parameters: <bdranch address)>

GDP: (go to - depending on). The memory location ad-

dressed Dby the <number addressd> is read for the numbder of

dbytes indicated by the <memory length>. This nurdber irdi-
cates which of the <branch addresses> 1s to be used. The
first parameter is a dound on the number of bdranch ad- |
dresses. If the numdber 1is within the range, the program
counter is set to the indicated address. An out-of-bdounds
value causes the program counter to bde advanced to the next
sequential instruction.

Parareters: <bdound numder -~ dyted> <{memory length> <merory

e o, b

! 83

Ao oLt




address> <branch addr-1> <braach addr-2> ... {dranch addr-ad

INV: (branch if INVALID flag true). 1If
the 1invalid-file—-action flag 1is true, then it is set to
false, and the program counter is set to the branch ad-
dress. If it is false, the program counter 1is {incremented
by two.
Parameters: <bdranch address>

PER: (perform). The code address addressed by the
{change address> 1s loaded with the value of the <{return ad-
dress>. The program counter is then set to the <dracch aca-
dress>.
Parameters: <branch address> <change address> <return ad-
dress>

RET: (return). If thé value of the <branch address>
is not zero, then the program counter is set to its value,
and the <dranch address> is set to zero. If the <{dranch ad-
dress> 1s zero, the program counter is incremented dy two.
Parareters: <branch address>

REQ: (register equal). This instructior checks for a
zero value in register two. If it 1s zero, the branch flaz
1s complemented. A conditioral dranch is taken.
Parameters: <branch address>

RGT: (register greater than). Register two is
checked for a negative sign. If present, the bdranch flag 1is
complemented. A conditional branch 1s taken.

Parameters: <branch address)
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RLT: (register less than). Register two is checked
for a positive sige, and if present, the bdbranch flaz 1is com-
plemented. A conditional bdraach is taken.

Parameters: <branch address>

SER: (branch on size error). If the overflow flag is
true, ther the program counter is set to the bdranch address,
and the overflow flag is set to false., If it is false, then
the program counter is incremented bdy two.

Parameters: <branch address>

The next three instructions are of similar form in
that they compare two strings and set the branch flag i¢
the conditiorn is true.

Parameters: <string addr-1> <{string addr-2> <length - ad-
dress> <bdranch address>

SZQ: (strings equal). The condition is true if the
strings are equal.

SGT: (string greater than). The condition is true if
string one is greater than string tvo.

SLT: (string less than). The condition is true it

string one is less thar string two.
4, Moves

The machine supports a variety of move operations
for various formats and types of data. It does not support
direct moves of numeric data from one memory field to anoth-

er JInstead, all numeric moves go through the registers.
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The next seven instructions perform the same
function. They 1load a register with a numeric value and
differ only in the type of numder that they exvect to see in
memory at the <pumber address). All seven instructions
cause the program counter to be incremented by five. Their
common format 1is given bdelow.

Parameters: <number address> <byte 1length> <byte decimal
count> <bdyte register to load>

LOD: (load literal). Register two is loaded with a
constant value, The decimal point indicator is not set in
this {nstruction. The literal will have an actual decimal
point in the string 1f required.

LD1: (load numeric). Load a numeric field.

LD2: (load postfix numeric). Load a nureric field
with an internal trailing sign.

LD3: (load prefix numeric). Load a rcumeric field
with an internal leading sign.

LD4: (load separated postfix numeric). Load a numer-
ic fleld with a separate leading sign.

LDS: (load separated prefix numeric). lLoad a numeric
field vith a separate trailing sign.

LD6: (loaa packed rumeric). Load a packed numeric
field.

MEL: (move into alphanumeric edited field). The
edit mask 1is 1loaded into the <to address> to set up the

move, and then the <{from address> information 1s loaded. The
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program counter is incremerted by ten.
Parameters: <(to address> {from address> <length of rove
address> <edit mask address> <edit mask length, address>

MNE: (move into a numeric edited field). First the
edit mask 1is loaded into the receiving field, and then the
information is loaded. Any decimal point alignment requirei
will bde performed. Truncation of significant digits will not
set the overflow flag. The program counter is incremented by
twelve.
Parameters: <to address> <{from address) <address lerngth of
move> <edit mask address> <address mask length> <byte to de-
cimal countd> <bvyte from decimal countd

MOV: (move into an alphanumeric field). The memory
field given by the <to address> is filled dy the from field
for the <{move length> and then filled with ©Dblanks 1in the
following positions for the <{fill count).
Parameters: {to address> <from address> <address move
length> <address fill count>

STI: (store immediate register two). The contents of
register two are stored into register zero and the decimal
count and sign indicators are set.
Parameters: none.

The store instructions are grouped in the same order
4s the 1load instructions. Register twvo 1s stored into
memory at the indicated location. Alignment 1{s performed

and any truncation of leading digits causes the overflow
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flag to be set. All six of the store ({nstructions cause
the program counter to be incremented dy four. The format
for these instructiors is as follows.
Parameters: <address to store into> <byte length> <dyte de-
cimal countd

STO: (store numeric). Store into a numeric field.

ST1: (store postfix pumeric). Store into a numeric
field with an internal trailing sign.

§T2: (store prefix numeric). Store into a numeric
with an internal leading sign.

ST3: (store separated postfix numeric). Store into a
numeric field with a separate trailing sign.

ST4: (store separated prefix numeric). Store into a
numeric field with a separate leading sign.

STS: (store packed numeric). Store into a packed

nureric field.

5. Iaput-Output

The following imstructions perform input and output
operations. Files are defined as bhaving the following
characteristics: they are either sequential or random
and, 1in general, files created in one mode are not required
to be readadle in the other mode, Standard files consist
of fixed length records, and variadle length files need not
be readadle in a random mode. Further, there must be

some character or character string that delimits a variadle
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length record.

ACC: (accept). Read from the system input device
into memory at the location given by the <memory address>.
The program counter is incremented by three.

Parameters: <memory address> <dyte length of readd

CLS: (close). Close the file whose file cortrol
dlock is addressed dy the <{fcd address>. The program counter
i{s incremrented by tvo.

Parameters: <fcd address)

DIS: (display). Print the contents of the data field
pointed to by <memory address> on the system output device
for the irpdicated 1length and advance the 1line output if
{flag> is set. The program counter is incremented dy four.
Parameters: <memory address> <dyte length> <flag>

There are three open instructions vwith the same for-
mat. In each case, the file defined by the file cortrol
dlock referenced will be opened for the mode indicated. The
program counter i{s incremented dy two.

Parameters: <fcd addressd

OPN: (open a file for input).

OP1: (open a file for output).

OP2: (open a file for doth input and output). This
is only valid for files on a random access device.

The following file actions all share the same for-
mat. Each performs a file actiorn on the file referencea bdy

the file control dblock., The record to bde acted upon {s
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given Yy the <{record address>. The program counter is in-

; cremented bdy six.
Parameters: {FCB address)> <{record address> {record length -
address>.

DLS: (delete a record from a sequential file). Re-
move the record that was just read from the file. The file

is required to be open in the input-output mode,

RDF: (read a sequential file). Read the next record
i into the memory area.

WTF: (write a record to a sequential file). Append a
nev record to the file.

RVL: (read a variabdle length record).

WVL: (write a variable length record).

R¥S: (rewrite sequential)., The rewrite operation

writes a record from memory to the file, overlaying the last
record that was read from the device. The filc must bde cpen b
in the input-output mode.

The following file actions require random files

rather than sequential files. They make use of a random file

pointer which consists of a {relative address> and a <re-

P T N e ey —

lative lengthd. The memory field holds the rumbder to bde
used in disk operations or contains the relative recorl
gumbder of the last disk action. The relative record numder
is ar index into the file which addresses the record bdeing
accessed. After the file action, the program counter

is increrented dy nine,
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Parameters: <FCB address> <record address> <{record lerngth -
address> <relative address> <relative length - byted.

DLR: (delete a random record). Delete the record ad-
dressed by the relative record rumber,

RAR: (read random relative). Read a random record
relative to the record number.

RRS: (read random sequential). Read the next sequen-
tial record from a random file. The relative record number
of the record read is loaded into the memory reference.

RWR: (rewrite a random record).

WRR: (write random relative). Write a record inte
the area indicated by the memory reference,.

WRS: (write random sequential). Write the next
sequential record to a random file. The relative record

numder 1s returned.

6. Sudroutine Instructions

The next three instructions are used to transfer
control to a sudroutine and pass the 1location of formal
parameters.

EXT: (exit sudroutine). The program counter is set
to the 1last value on the return stack and the actual
partameters on the parameter stack are removed revealing any
parameters that may be needed in the calling procedure.
Parameters: No parameters are required.

SBR: (call a sudroutine). The program counter 1is
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set to the beginning address of the called procedure. The
return address is added to the return stack.
Parameters: <procedure name-8 bdytes>

PAR: (parameter 1list). The parameters are added to
the parameter stack.
Parameters: <number of parameters> <address parameter 1>

{address parameter 2> .....

7. Special Ianstructions

The remaining instructions perform special functions
required by the machine that do rot relate to any of the
previous groups.

NEG: (negate). Complement the value of the bdranch
flag.

Parameters: No parameters are required,.

LLI: (load a code address direct). Load the coae
address 1located five bdytes after the LDI instruction with
the conternts of <memory address> after it has been converted
to bdinary.

Parameters: <{memory address> <{length - bdyted

SCR: (calculate a subscript). Load the subscript
stack with the value 1indicated from memory. The address
loaded into the stack 1is the <initial addressd> plus an
offset. Multiplying the <{field length> by the numbder {n the
{memory reference> gives the offset value,

Parameters: <initlal address> <{field length> <memory refer-
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ence> <{memory length> <{stack level)

STD: (stop display). Display the indicated informa-
tior and then terminate the actions of the machine. The
operator i{s given a choice to allow the machine to continue
or to terminate its actions.

Parameters: <memory address)> <{length - byted

STP: (stop). Terminate the actions of the machine.
The following instructions are actually instructiorns to the
build program in setting up the machine enviromnent and are
not used ir the cormal execution of the machine.

Parameters: no parameters are required.

BST: (backstuff). Resolve a reference to a label.
Ladels may be referenced prior to their definition, requir-
ieg a chain of resolution addresses to be maintained in the
code. The 1latest location to be resolved is maintained in
the symbol tadle and a pointer at that 1location 1ndicates
the next previous location to bde resolved. A zero pointer
indicates no pricr occurrences of the label. The code ad-
dress referenced by {change address> is examined and if
it contains zero, it is loaded with the <new address>. It
it is not zero, then the contents are saved, and the
process 1s repeated with the saved value as the change ad-
dress after loading the <{new address>.

Parameters: <change address)> <nev address>
INT: (initialize memory). Load memory with the <ip-

put stringd for the given length at the <{memory address>.
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Parameters: <{memory address> <address lergth> <input

string)>
SCD: (start code). Set the initial value of the pro-

gram counter.

Parameters: <{start address>
TER: (terminate). Terminate the ipitializatior pro-
cess and start executing code.

Parameters: no parameters are required.
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IV. SYSTEM DEBUGGING METHODS AND TOOLS

A. DEBUGGING METHCDOLOGY

Initial dedugging bYegan with 1implementation of key
components of the compiler/interpreter that had preverted
use of the Navy’s ALPFS0 validation test ©programs.
Additional work on the validation test programs vas
necassary to eliminate arnd/or correct minor errors within
the test programs themselves. Once these errors wvere
corrected the compiler/interpreter was able to comrile and
execute the ADPESQO programs completely and an overall view
of the ©problems and errors within the system was avallable
for analysis.

Since compile time for each of the three main modules --
PART ONE, PART TWO, and INTERP -- took a mimimum of
forty-five minutes, a step-wize refinemert techrique was
erployed. First the simplest problemrs were corrected all at
the same ¢time. Ornce this was accomplished the remaining
problems were handled one at a time to prevent introducing
nev problams from side effects of the corrections. Lebugging
could then be confined to only one probdlem and side effects
kept to a minimum. This technique required more compilations
but 1t was felt that attempting to correct more than ore
problem at a time could cause severe side effects with an

increase in overall debdugging time.
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B. INTERACTIVE TOOLS

Because the MICRO-COBOL compiler and {interpreter were
implemented under the CP/M operating system, the Symbolic
Instruction Dedugger ([?], SID, which expands upon the
features of the Dynamic Dedugging Tool (8], DDT, was
employed. Specifically, SIDIIncludes real-time breakpoints,
fully monitored execution, symdolic disassemdbly, assemdly,
and memory display ard f£111 functions. One feature which
allowved the setting of bdreakpoints at actual memory
locations corresponding to a; program’s source 1lines and
symbolic names was used quite extensively. Another useful
facility was the adility to display and alter the progranms
symbolic values, which enabdled the sudstitution of values to

check a proposed solution to ar error.

C. CROSS REFERENCE LISTINGS

Another useful facility which eased the dedugging effort
was the cross reference 1listings produced by the PLMEO
compiler used to compile the MICRO-COBOL compiler and
interpreter. There vwere three different listings produced
after each compilation: 1.) a line pumbered source 1listing,
2.) a symbol address table, vhich included the name and
actual memory address assigned for all symbols declared, and
3.) a line address tadle which cross referenced every 1line

in the source 1listing with the 8¢8¢ code generated by the
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PLM8@ compiler for that particular line. These listings were
almost indispensadble with regard to testing and debdugging,

and their contribdbution carnot be overemphasized.

D. VALIDATION TESTS

The primary method for discovering errors was the
HYPO-CORBOL Compiler Validation System (ECCVS) Tape (from the
Automated Data Processing Equipment Selection Oftice
(ADPESO)). The transfer of these test programs from tape to
a usabdble form on floppy diskettes was accomplished by Kiefer
and Perry [14]. Additional errors were discovered through
several additional test programs written to test areas that
were not tested by the ADPESO programs or constructs that

vere not contained in the HYPO-COBOL specifications.
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V. CONCLUSIONS AND RFCOMMENDATIONS

The entire MICRO-COBOL Compiler/Interpreter has been
tested, dedugged and documented. The followirng specific
language features and faclilities previously not implemented,
or implemented incorrectly, have been successfully
implemented, tested and debugged during this project: 1.)
the compiler’s ability to handle any sequence of MICRO-COBOL
language constructs (PIC CLAUSE, VALUE CLAUSE, OCCURS
CLAUSE, and USAGE COMP-3 CLAUSE) in the declaration of ar
tdentifier, 2.) record identifier declaratiors with up to
ten levels of elementary field 1items, 3.) record and
elementary field identifier redefinitions, 4.) nested
redefinitlons: and 5.) error message generation for
duplicate identifier declarations within the DATA DIVISION,
revork of the BCD arithemetic package lncluding the ROUND
ard SIZE ERROR options, 7.) 1implementation of the Move
Numeric Edited command, 8.) implementation of nested
IF-TEEN-ELSE statements, 9.) implementation of the PERFORM
VARYING clause, 10.) modification of all MOVE commands, 11.)
modification of the EXIT clause for use with sudroutirces,
12.) modification of the STOP DISPLAY clause to allow
operator restart, 13.) ({implementation of sudroutines
including the CALL, USING and LINKAGE SECTION clauses, 14.)
modification of the VWRITE BEFORE/AFTER clause, 18).
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implementation of COMP~3 ard SIGN LEADING/TRAILING options,
16.) addition cf the 1list and code compiler toggles to
include a 1list file with errors and lire numbers arnd the
rcapability of surpressing code generation for rarid syntax

checking, and 17) expansion of the grammar to include the

COMPUTE verd, the logical operators AND" ard "OR"”, 1indered

” o

files, apd the relational operators <, ">", and "=",

NPS MICRO-COBOL compiles at a rate of approximately 500

lines per minute using a Z-8¢ microprocessor with a 4MRZ
clock on a standard eight inch floppy diskette. With the use
of optional toggles such as NOSCODE or NOSLIST compilation
rate increases to approximately 799 lines per minute and a
maximum rate of approximately 90¢ lines per minute with both
NOSCODE and NOSLIST toggles selected. Memory usage 1s kept
to a minimum through the wuse of cverlays thus allowing
fairly complex conoﬁ programs to be written and executed on
a modest size microcomputer system. The present development
system is designed to run in oniy 48K of main memory and can
rur in as 1little as 20X or as much as the €4K maximum
address space of an 8088 or Z-82 microcomputer. These two
features in addition to clear error diagnostics make the NPS
MICRO~COBOL compiler/interpreter an excellent tool for
teaching introductory COROL programming.

NPS MICRO=COBOL has bdeen validated by the corplete
ADPESO validation test package for HYPO-COBOL. Ian 2dd4ition

to the twenty-five test programs from that package, several
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test programs designed to test the additional features
implemented which were not ia HYPO-COBOL and several
application programs have bdeen compiled and executed to the
sum of approximately 5¢,00@ lines of COROL code,

In addition, the NPS MICRO-COBOL compiler documentation
has bdeer updated, This documentation includes the following:
1.) module organization, 2.) module interfaces, 3.) memory
organization of the Interpreter, 4.) construction and data
initlalization of the symbol tadle, and 5.) key internal
data structures.

Several areas remain vwhich could Dbde implemented to
enhance the NPS MICRO-COBOL compiler/interpreter system,
these include: 1.) implementation of the COMPUTE verd, 2.)
implementation of multiple Open‘s, and Close’s, 3.)
implementation of multi-dimensional tadles, 4.)
implementation of the logical operators AND" and "OR", ani
5,) implementation of the optional comparison operators "<,

">, and "=",




APPENDIX A

NPS MICRO-COBOL USER’S MANUAL

VERSION 2.0

101




I.
II.
111.
Iv.
V.
vI.

TABLE OF CONTENTS

ORGANIZATION cicvecececaasanncasassonassasansonne
MICRO=COBOL ELEMENTS .ccececovencocacacoassscoons
COMPILER TOGGLES .ccoecscosennssncsnscscsnnsasnas
RUN TIME CONVENTIONS .ceecevevcosossnnannconassas
FILE INTERACTIONS WITH CP/M .ucvvvvnnsncncosscass
ERROR MESSAGES cecosccsccsaccccsoaccacosonnaoossns
A. COMPILEP FATAL MESSAGES .e.veececrecacasaccas
B. COMPILER WARNINGS .ecvceecesnccoccocasscosncasn
C. INTERPRETER PATAL BERRORS .ccveccccococsscnnes
D. TINTERPRETER WARNING MESSAGES cccvveccsncoanss

102

1e3
124
144
146
148
150
1te
159
154

[ m "‘.',T’ i oy
oL

“r¥I, K7
BAG I ¢+

P Y TR

A o adtols.

T




_— .- e O S AL PPy .

I. ORGANIZAT

The compiler is designed to run on an 8080 system ir an
interactive mode through the use of a teletype or console,
It requires at least 24K of main memory and a mass storage
device for reading and writing. The compiler is composed of
tvo parts , each of wvhich reads a portion of the input file.
Part One reads the input program to the end of ¢the Tata
Division and dbuilds the symdol table. At the end of the Data
Division, Part One is overlayed dy Part Two which uses the
symbdol table to produce the code. The output code is written
as 1t 1s produced to minimize the use of internal storage.

The EXEC Program bduilds the core image for the
intermedlate code and performs such functions as
bacistufflng addresses and offsetticg address ie
sudroutines, EXEC then copies the interpreter(CINTERP.COM)
into memory and tracsfers control to the it., The interpreter
1s controlled dy a large case statement that decodes the

instructiors and performs the required actions.
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II. MICRO-C MEN

This section contains a description of each element in
the language and shows simple examples of their use. The
following conventions are used in explaining the formrats:
Elements enclosed {n broken bdraces < > are themselves
complete entities and are descrided elsewhere in the ranual.
Elements enclosed 1in bdraces { } are choices, one of the
elements which is to be used. Elements enclosed in Ddrackets
[ 1 are optional. All elements in capital letters are
reserved words and must be spelled exactly.

User names are indicated in lover case. These names are
unrestricted 1in lergth, hovever they must be unigue within
the first 15 characters. The only other restriction on user
names is that the first character must bYe an alpha
character. The remainder of the user name can have any
combination of representadle characters in it.

The 4i{nput to the compiler does not need to corform to
standard COBOL format. Free form input will de accepted as
the default condition., 1f desired, sequence numbders can bde
entered in the first six positions of each line. Hovever, a
togele needs to bde set to cause the compiler to ignore the

sequence numbders.
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H The first character position on any 1line is used to

indicate the following:-

. * - indicates a comment entry.
: = indicates a debdugging line.

/ - indicates a page eject.
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IDENTIFICATION DIVISION

ELEMENT: %
H

IDENTIFICATION DIVISION Format E
FORMAT: :
if

IDENTIFICATION DIVISION. %

;

PROGRAM-ID. <comment). 5
[AUTHOR. <comment).) g

[DATE-WRITTEN. <{comment>.]

| | {SECURITY. <corment).]

————

DESCRIPTION:

This division provides information for program iden-

5 tification for the reader. The order of the lines is
fixed.

EXAMPLES::
IDENTIFICATION DIVISION.

T oo e e AP DA, 1 NN W

PROGRAM-1D. SAMPLE.

AUTHOR., HAL R POVWELL.
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ENVIRONMENT LIVISION

ELEMENT:
ENVIRONMENT DIVISION Format
L PORMAT:
[ ENVIRONMENT DIVISION.
CONFIGURATION SECTION.

SOURCE-COMPUTER. <comment> (DEBUGGING MODE].

OBJECT-COMPUTEP. <{comment>.
[INPUT-OUTPUT SECTION.
FILE-CONTROL.
{file-control-entry> . . .
{I-0-CONTROL.
SAME file-name-1 file-name-2 [file-name-3]
[file-name~4) [file-name-5]. ] 1 ]

DESCRIPTION:
This division determines the external nature of a
file. In the case of CP/M all of the files used can bde
accessed either sequentially or randomly except for

variadle 1length files which are sequential only. The

1
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debugging mode 1is also set by this section. The
DEBUGGING MODE clause is used in conjunction with the
s’ to 1indicate conditional compilatic- If this

clause is specified all dedugging lines (those with a

s’ 4n column one) are compiled. If this clause 1s not

specified, all dedugging 1lines are treated as
comments. In addition the DEBUGGING MODE can bde

specified by using the compiler toggle ‘D”.

Tar-aY.
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ELEMENT:

{file-control-entry>

FORMAT:

1.

SELECT file-name

ASSIGN implementor-name

{ORGANIZATION SEQUENTIAL)

[ACCESS SEQUENTIAL].

SELECT file-name

ASSIGN implementor-name

ORGANIZATION RELATIVE

{file-control-entry>

(ACCESS {SEOUENTIAL [RELATIVE data-pame]}].

{RANDOM RELATIVF data-name

SELECT file-name
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ASSIGN implementor-name

ORGANIZATION INDEXED 2

[ACCESS {SEQUENTIAL}].
{RANDOM }

DESCRIPTION: i
The file-control-entry defines the type of flle that

the program expects to see. There is no difference on
the diskette, dut the type of reads and writes that
are performed will differ. For CP/M the irplerentor
rame needs to conform to the normal specifications.
Indexed is not implemented.

EXAMPLES:
SELECT CARDS

ASSIGN CARD.FIL.

SELECT RANDOM~-FILE

ASSIGN A.RAN

ORGANIZATION RELATIVE

ACCESS RANTOM RELATIVE RAND-FLAG,

11e
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DATA DIVISION
ELEMENT:
DATA DIVISION Format
FORMAT:
DATA DIVISION,
(FILE SECTION.
[FL fi1le-name
[BLOCK integer-1 RFCORDS]
[(RECORD ([integer=2 TO] integer-3]
{LABEL RECORDS {STANDARD})
{OMITTED }
[VALUE OF irplementor-name-1 literal-1
(implementor-name-2 literal-2] ... ).
{<record-description-entry>] ...} ...
(WORKING-STORAGE SECTION.
[<record-description-entry>] ... ]

(LINKAGE SECTION.
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{(<record-description-entry>] ... ]

DESCRIPTION:

This is the section that describes how the data {s
structured. There are no major differences from stan-—
dard COBOL except for the following: 1. Ladvel
records make no sense on the diskette so no entry is
required. 2. The VALUE OF clause 1likewise has no
meaning for CP/M. If a record is given two lengths as
in RECORD 12 T0 128, the file is taken to b»e variadle

length and can oply bde accessed in the sequential

mode, See the section on files for more information.
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{comment)

ELEMENT:

{comment>

FORMAT:

any string of characters

DESCRIPTION:
A comment is a string of characters. It may 1include
anything other than a period followved by a dlank or a
reserved vord, either of wvhich terminate the string.

Corments may bYe empty if desired, dbut the terminator

is still required by the program,
EXAMPLES : ’

g this 1s a comment
anotheroneallruntogether

8080b 16K




{data-description-entry>
ELEMENT:
{data-~description-entry> Format
PORMAT:
level-pumder {data-name}
{FILLER }
[REDEFINES data-name]
[PIC character-string)
(USAGE {coMP  }]
{comMp-3}
{COMPUTATIONAL}

{DISPLAY}

[SIGN {LEADING} [SFPARATE]]
{TRAILING}

(OCCURS integer)

(stnc (LEPT )]

(RIGET)

11¢ /
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(VALUE 1literal].

DESCRIPTION:

& This statement descrides the specific attridutes of
the data. Since the 8080 1s a bdbyte machine, there was
no meaning to the SYNC clause, and thus it has not
been 4implemented, hovever existing programs that are
transfered to MICRO-COBOL and use this feature will
compile and execute successfully. All numeric data are
maintained 4in DISPLAY format or packed BCD if the
COMP-3 option is used.

EXAMPLES:

01 CARD-RECORD.

| —— s - e

@2 PART PIC X(5).

4 e

@2 NEXT-PART PIC 99V99 USAGE DISPLAY.
@2 FILLER.
@3 NUMB PIC S9(3)V9 SIGN LEADING SFPARATE.
@3 LONG-NUMB 9(15).
3 STRING REDEFINES LONG-NUMB PIC X(15). EJ

@2 ARRAY PIC 99 OCCURS 1ee@.
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PROCEDURE DIVISION
ELEMENT:
PROCEDURE DIVISION Format
FORMAT:
1.
PROCEDURE DIVISION [USING nameil [name2) ... [names]].
section-name SECTION.

[paragraph-name. {sentenced> [{sentenced ... ] ... ] ...

PROCEDURE DIVISION (USING namel (rame2] ... (names]].
paragraph~name. <sentence> [<sentenced ...] ...

DESCRIPTION:
As is indicated, if the program is to contain sec-

tions, then the first paragraph must be ir a section.
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{sentence)

ELEMENT:

{sentence)

PORMAT

{imperative-~statement)>

{conditional-statement>
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ELEMENT:

FORMAT:

ACCEPT

CALL

CLOSE

DISPIAY

EXIT

GO

MOVE

OPEN

PERFORM

sTop

The folloving may de imperatives:
arithmetic verds without the SIZE ERROR statement
and DELETE, WRITE, and REWRITE without the INVALID option.

O ATt oot W

AR

<imperative-statement)

{imperative-statement>

The following verdbs are alwvays imperatives:

118

T ——— -~ 5 o

B SRR IRt Ay wiavs gt ¥

P ) X P

RS A

T -ves

T T, T P B

Ear s~y



{conditional-statementsd>

BLEMENT:

{conditional-statements>
FPORMAT:

“ IF

READ

arithmetic verds with the SIZE ERROR statement

and DELETE, WRITE, and REWRITE with the INVALIT option.




ACCEPT
ELEMENT:
ACCEPT
FORMAT:
ACCEPT <identifier>

DESCRIPTION:
This statement reads up to 255 characters fror the
console, The usage of the item must be DISPLAY.
EXAMPLES:
ACCEPT IMMAGE.

ACCEPT NUM(9).

120

G e e

IR T

B I T, <




ADD
ELEMENT:
ADD
FORMAT:
ADD {identifier-1} ([{identifier-2 }]) ... TO identifier-m
{1iteral-1 } {literal-2 }
{(ROUNDED]) ([SIZE ERROR <imperative-statement)]

DESCRIPTION:
This instruction adds either one number to a
second with the result being placed in the last loca-

tion. Multiple adds have not been implemented.
EXAMPLES:

ADD 18 TO NUMB1
ADD X TO Z ROUNDED.

ADD 100 TO NUMBER SIZE ERROR GO ERROR-LOC
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CALL
ELEMENT:
CALL
FORMAT:
CALL literal [USING namel [name2] ... [nameN]]

DESCRIPTION:
Control is trarnsfered to the called procedure with an
address of each of the parameters to be passed. The
parameters map to those in the linkase section of the
called program. The type and size of the parameters
must match exactly.

EXAMPLES:
CALL “NC152° USING DN1

CALL ‘PRINT’

CALL ‘ADDLIST” USING VAR1 VAR2 VAR3
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CLOSE

ELEMENT:
CLOSE
FORMAT:
CLOSE file-name

DESCRIPTION:
Files must be closed if they have bdbeen written. How-
ever, the normal requirement to close an irput file
prior to the end of processing does not exist.
EXAMPLES:
CLOSE FILE1

CLOSE RANDFILE
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DELETE
ELEMENT:
DELETE
PORMAT:
DELETE file-name [INVALID <imperative-statement)]

DESCRIPTION:
This statement requires the file-name of the item
to be deletea. The record is logically removed bdy
f11lling it with a high value character, which is not
displayable to the console or line printer. The log-
ical record space can be used again by vriting a
valid record in {ts place.

BXAMPLES:
DELETE FILE-NAME
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DISPLAY

ELEMENT:

DISPLAY

FORMAT:

DISPLAY {identifier} [{identifier-1}] . . . [{identifier-N}]
{1iteral } {literal-1 } . .. {literal-N }

DESCRIPTION:
This displays the conteants of ar identifier or %
displays a 1literal on the console. Usage must bde f
DISPLAY. The maximum length of the display is 82 char-

acters for 1literal values and 255 characters for ;

identifiers.
EXAMPLES:
DISPLAY MESSAGE-1

DISPLAY MESSAGE-3 10

DISPLAY ‘TEIS MUST BE THE END’
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DIVIDE

ELEMENT:

DIVIDE

FORMAT:

DIVIDE {identifier} INTO idertifier-1 [ROUNDED]
{11teral }
(SIZE ERROR <imperative-statement)]

DESCRIPTION:

The result of the division is stored in identifier-1;
any remainder is lost.

EXAMPLES:
DIVIDE NUMB INTO STORE

DIVIDE 25 INTO RESULT
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EXIT §

ELEMENT: E

EXIT 3

i

FORMAT: b

;

, EXIT [PROGRAM] ;
' ¥
DESCRIPTION: $

The EXIT command causes no action by the interpreter )

dbut allows for an empty paragraph for the corstructior ;

of a common return point. The optiomal PROGRAM termi- %

nates a subdroutine and returns to the callirg program.
It’s use in the main program couses no action to be
taken.

BXAMPLES :
EXIT PROGRAM

O AT I SPGIG T - = A

EXIT

Y RRRETT
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ELEMENT:

, Go
FORMAT:
1.

GO procedure-name

GO procedure-1 [procedure-2] ... procedure-29
DEPENDING identifier

DESCRIPTION:

) e b e e

The GO command causes an unconditional bdranch to the

routine specified. The second form causes a forvard

branch depending on the value of the contenfs of the

identifier. The identifier must de a numeric integer

value. There can bde no more thanm 20 procedure names.
BIAMPLES:

GO READ~CARD.
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GO READ1 READ2 READ3 DEPENDING READ-INDEX.
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ELEMENT:

IT

PORMAT:

IF <condition) {stmt-1st } END-IF

IP <{conditiond {stmt-1lst } ELSE {stmt-l1st} END-IF

{NEXT SENTENCE} {NEXT SENTENCE}

DESCRIPTION:
This is an enhanced version of the standard COBOL IF
statement. Nesting of IFP statemects is allowed.
EXAMPLES:
IF A GREATER B ADD A TO C ELSE GO ERROR-ONE END-IF.

IP A NOT NUMERIC NEXT SENTENCE ELSE MOVE ZERO TO A ENC-IF.
IF A LESS B

DISPLAY A

DISPLAY B END-IT.
I¥ A GREATER B

DISPLAY A

DISPLAY B
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ELSE

DISPLAY C

DISPLAY D END-IF.

IF A GREATER B

I? A GREATER C

DISPLAY A

ELSE

DISPLAY C

END-I?

ELSE

IT B GREATER C

DISPLAY B

ELSE

DISPLAY C

END-1IP

END-IF.
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MOVE

ELFMENT:

MOVE

PORMAT:

MOVE {identifier-1} TO identifier-2

{11teral }

DESCRIPTION:

The standard list of allowadble moves applies to this
action. As a space saving feature of this implemerta-
tion, all pumeric moves go through the accumulators.
This makes numeric moves sSlower than alrha-pumeric
moves, and where possidle they should dbe avoided. Any
move that involves picture clauses that are exactly
the same can bde accomplished as an alpha-numeric move
if the elements are redefined as alpha-numeric; elso

all group moves are alpha-numeric.

EXAMPLES:

MOVE SPACE TO PRINT-LINE.

MOVE A(1€) TO B(PTR).
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MULTIPLY

ELEMENT:

MULTIPLY

FORMAT:
? MULTIPLY {identifier} BY identifier-2 [ROUNDED)
{1iteral }

% [SIZE ERROR <imperative-statement>)

DESCRIPTION:
The multiply routine uses a doudble length register to

calculate the result. This allows the result generated

to de of maximum precision. The actual value stored
vill Dbe determined by the amount of storage allocated
for the varliabdble, Overflow will occur if the numbder in
the register is 1larger than the variadle, If the
precision in the register is greater than the variabdvle
trucation occurs unless the rourd option is specified.
EXAMPLES:
MULTIPLY X BY Y.

MULTIPLY A BY B(7) SIZE ERROR GO OVERFLOV.




3 OPEN

ELEMENT:

OPEN

FORMAT:

IR PP S

OPEN {INPUT file-name-1 } [{file-name-2}] ... ¢

{OUTPUT file-name-1} [{file-name-2}] ...

T t B e e

{1-0 file-name-1 } [{file-name-2}] ...

SRS Te 2

DESCRIPTION:

The three types of OPENS have exactly the same effect

on the diskette. However, they do allowv for internal

checking of the other file actionms. For examrple, a

vrite to a file set open as input will cause a fatal

.error. Multiple opers have not deen implemented.
EXAMPLES:

OPEN INPUT CARDS.

OPEN OUTPUT REPORT-FILE. ;
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ELEMENT:
PERFORM
FORMAT:
1.

PERFORM procedure-name [THRU procedure-name-2)

PERFORM procedure-name [THRU procedure-name-2)
{identifier} TIMES

{integer }

PERFORM procedure-name [TRRU procedure-name-2])

UNTIL <conditiond>

b}

PERFORM procedure-name VARTING {identifier)

FROM {identifier} BY {identifier}

UNTIL <condition)

PERFCRM




DESCRIPTION:
All four options are supported. Branching may bde gi-
ther forvard or backward, and the procedures called
may have perform statements in them as long as the end
points do not coincide or overlap.

EXAMPLES:
PERFORM OPEN-ROUTINE.

PFRFORM TOTALS THRU END-REPORT.

PERFORM SUM 10 TIMES.

PERFORM SKIP-LINE UNTIL PG-CNT GREATFR €0,
PERFORM REPEAT-AGAIN VARYING COUNTER FROM 1 BY 2

UNTIL COUNTER EQUAL 14.

136




READ
ELEMENT:
READ

FORMAT:

1.

READ file-pame INVALID <{imperative-statement)

READ file~name END <{imperative-statement)>

DESCRIPTION:
The invalid condition is only applicable to files in a
random mode. All sequential files must have an END
statement .
EXAMPLES:
READ CARDS END GO END-OF~FILE.

READ RANDOM-FILE INVALID MOVE SPACES TO REC-1.
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REVRITE

BLEMENT:

REVRITE

FORMAT:

REVRITE record-name [INVALID <imperative))

DESCRIPTION:
REWRITE {s only valid for files that are open in the

1-0 mode. The INVALID clause is only valid for random
files. This statement results in the current record
being wvwritten Ddack 1into the place that 1t was just
read from, the last executed read.

EXAMPLES:
REWRITE CARDS.

REVRITE RAND-1 INVALID PERFORM ERROR-CHECK.
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STOP
ELEMENT:
STOP
FORMAT:
STOP {RUN }
{1iteral}

DESCRIPTION:
This statement stops executiorn of the program. If a
literal is specified, then the literal is displayed on
the console and a prompt 1is displayed giving tne
operator the option of terminating or continuing
program execution.

EXAMPLES:
STOP RUN.

STOP 1.
STOP “INVALID PINISB’,

Por the last tvo examples the following prompt 1s
displayed:

OPERATOR ENTER A_<CR> TO CONTINUE
! OR ENTER AN "S’ TO TERMINATE.
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SUBTRACT

ELEMENT:
SUBTRACT
FORMAT:
SUBTRACT {ldentifier-1} ([ideptifier-2] ... FROM identifier-m
{1i1teral-1 } [1iteral-2 ]
(ROUNDED] [SIZE ERROR <imperative-statement>]

DESCRIPTION:
Identifier-m {s decremented Dby the value of
identifier/literal one. The results are stored back
in identifier-m. Rounding and size error options are
available if desired. Multiple sudtracts have not been
implemented.

EXAMPLES:
SUBTRACT 12 FROM SUB(12).

SUBTRACT A FROM C ROUNDED.
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ELEMENT:
WRITE
FORMAT:

1.

WRITE record-name [{BEFORE} ADVANCING {INTFGER}]

{AFTER } {PAGE

WRITE record-name INVALID <imperative-statement)

DESCRIPTION:
The record specified is written to the file
specified in the file section of the source
prograr. The INVALID option only applies to
random files.

EXAMPLES:
WRITE OUT-FILE.

WRITE RAND-FILE INVALID PERFORM ERROR-RECOV.
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{condition>

ELEMENT:

{condition>

FORMAT:

RELATIONAL CONDITION:
{identifier-1} [NOT) {GREATER} {identifier-2}
{11teral-1} {LESS } {1iteral-2 }

{EQUAL }

CLASS CONDITION: |

identifier [NOT] {NUMERIC }
{ALPRABETIC)

DESCRIPTION:
It is not valid to compare <two 1literals. The class
condition NUMERIC will allow for a sign if the iden-
tifier is signed numeric.

EXAMPLES:
A NOT LESS 10.

LINE GRFATER ‘C’.

NUMB1 NOT NUMERIC
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Subscripting

ELEMENT:

Subscripting

FORMAT:
data-name (subdseript)

DESCRIPTION:
Ary item defived with an OCCURS may be referenced by
a subscript. The subscript may de a literal integer,
or it may be a data item that has been specified as an
integer. 1If the sudbscript is signed, the sign mrust be
positive at the time of its use.

EXAMPLES:
A(10)

ITEM(SUB)
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ITI. COMPILER TOGGLES

There are six compiler toggles which are contreclled oy
an entry following the compiler activation command, COBOL
{filenamed>. The format of the entry consists of following
<filename> by one space and then entering a "$¢" followed
immediately dy the desired toggles. There must de only one
space after {filename)> and no spaces between the "4~ and the
togzles, The following is an example of a typical entry:

COBOL EXAMPLE $S
This entry would cause the compiler to ignore the first six
characters(used for sequence numbers) at the Dbeginning of
each {nput 1line. In each case the toggle reverses the

default value,

$C =- No intermediate code. Default 1s off. Setting this
toggle speeds iritial compilation for syntax checking. When
this toggle is set the "CIN” file is empty.

$D ~-— Deduggirg mode. Default is off. This toggle sets
the dedugging mode, which means all dedugging lines(those
with a ‘:° 1in column one) are compiled. If this toggle is
not set and the DEBUGGING MODE is not set in the ENVIRONMENT
DIV!SIbN of the source program all dedugging 1lines are

treated as comments.

$L -- 1ist the input code on the screer as the program
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is compiled. Default is on, Error messages are displayed at

the terminal in any case.

$§P -- Productions. List productions as they occur.

Default is off.

$S —= sequence numbers are in the first six positions of

each record., Default is off.

$T -- Tokens. List tokens from the scanner. Default |is
off.

4¥ -- Create a 1ist file. Default is off. A listing file
is created when this toggle is set. When this toggle is not

set the "LST" file will only contain error messages.
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IV. RUN_TIME CONVENTIONS

This section explains how to run the compiler on the
current system, The compiler expects to see a file with a
type of CBL as the input file. In general, the input is free
form. If the {input includes sequence numbers then the
compiler must be notified dy setting the appropriate toggle.
The compiler is started by typing COBOL <file-name>. Where
the file name is the system name of the input file. There is
no interaction required to start the second part of the
compiler. The output file will have the same <{file-name> as
the input file, and will be given a file type of CIN. Any
previous copies of the file will bde erased. As with the CIN
file a LST file will be created with the same file name as
the 1input ¢file and any previous LST files with that name
will bde erased.

The interpreter is started by typing EXEC <filenamed.
The first program is a loader, and it will display "NPS
MICRO-COBOL LOADER VERS 1.8" followed by the display 'LOAD
PINISHED" ¢to 1indicate successful completion. The run-time
package will bde »bdrought in by the EXEC routice, and
execution should continue without interruption. Succesful
transfer of control to the interpreter vwill be indicated by
the display “NPS  MICRO-COBOL INTERPRETER VERS 1.0".
Completion of program exection will bde 4indicated bdy the

display X EXFCTION ERROR(S)”, where "XI" is the numbder of
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errors which occured during executior.
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V. FILE INTERACTIONS WITH CP/M

The file structure that 1is expected by the oprogram
imposes some restrictions or the system, References 4 and §
contain detailed information on the factlities of CP/M, and
should bve consulted for details. The information that has
been included in this section is intended to explain where
limitations exist and how the program interacts with the
system.

All files in CPF/M are on a random access device, and
there 1s no way for the system to distinguish sequertial
files from files created in a random mode. This means that
the various types of reads and writes are all valid to any
file that has fixed length records. The restrictions of tkre
ASSIGN . statement prevent a file from bdbeing open for both
random and sequential actions durlang one program.

Bach logical record is terminated dy a carriage returc
and a line feed. In the case of varladble length records,
this {s the only ead mark that exists. This convention was
adopted to allow the various programs which are used in CP/M
to vwork with the filles, Flles created by the editor, for
example, willl generally bYe varliable length files. This
convention removes the capadility of reading varitabdle lergth
files in a random mode.

All of the physical records are 128 bdytes 1in length, arnd

the program supplies duffer space for these records in
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addition to the logical records. Logical records may bde of

any desired length.
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BR

CL

MA

MO

opP

SO

ST

WR

cC

CE

R s S

VI. ERROR MESSAGES

A. COMPILER FATAL MESSAGES

Bad read -- disk error, no corrective action can be
taken irn the program,

Close error -—- unable to close the output file.

Make error -- could not create the output file.

Memory overflow -- the code and constants g2nerated
will not fit in the alloted memory space.

Open error -- can not open the input file, or ro such
file present.

Stack overflow —— the LALR(1) parsicg stack has exceeded
its maximum allowable size.

Symbol tadle overflow —— symbol tadle i{s too large for
the allocated space.

Write error -- disk error, could not write & code

record to the disk,

B. COMPILER WARNINGS

Carriage Control error -— The WRITE BEFORE/AFTER
ADVANCING option can only bde used with sequential files.

Close error -— attempted to close a non-existing file.
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DD

EL
FT

IA

ID

IS

I7

LE

Lv

L?
MD

™S

NP

NI

Duplicate Peclaration -— the identifier name has bdeen
previously declared.

Extra levels -- only 1@ levels are allowed.

File type —— the data element used in a read or write
statement 1s not a file narme.

Invalid access == the specified options are not an
allowadble comdoination.

Identifier stack overflow -— more than 2¢ items ir a
GO —-— DEPENDING statement.

Invalid subscript =-- an item was subscripted dut it
was not defined by an OCCURS.

Invalid type —- the field types do not match fer this
statement.

Literal error -- a literal value was assigred to an
item that is part of a group item previously assigned
a value,

Literal value error -— the PICTURE clause field type
does not match the VALUE clause literal tyre.

Level 77 error ~- level 7?7 used incorrectly.

Multiple decimals -- a pumeric literal ir a VALUE
clause contains more than one decimal point.

Multiple signs -- a signed numeric literal in a VALUE
clause contains more than oane sign.

No file assigred -- there was no SELECT clause for

this file.

Not implemented -- a productior was used that 1{is rot
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NP

NV

OF

oL

PC

P1

P2

P3
P4

PS

P6

PF

Sohdik

implemented.

Non-numeric =-- an invalid character was found in a
numeric stricog.

No production -~ no production exists for the cuurrent
parser configuration; error recovery will automatically
occur.,

Numeric value -- a numeric value wvas assigned to a
non-gumeric item.

Open error -- attempt to open a file that was not de-
clared; or attempted to oper a file for I-C that was
not a RELATIVE file.

OCCURS LEVEL ~- 01 and 77 levels cen not contain an
occurs clause,

Picture clause =~ a pic clause exceeds 2€ characters.
More than one float symbol declared.

Non-pumeric data in repetition clause or missing right
parenthesis,

Invalid or inpcompatable symbol in pic clause.

Invalid symdol(s) embedded within a float symdol

only /,0,8,°," alloved.

Invalid comdination of symbols im pic clause, type canznot
be determined.

Numdber of possidle numeric entries exceeds register length
max is 18.

Paragraph first -- a section header was produced after

a4 paragraph header, which is not in a sectior.
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R1

R2

SE

SG

SL

TE

up

UL

VE

vl

Redefine nesting -— a redefinition was made for an
item vhich is part of a redefined item.

Redefine length —— the length of the redefinition item
vas greater than the item that it redefined. That

is only alloved at the &1 level. This error

message may be printed out one identifier past the
redefining identifier record in which it occurred.
Redefines misplaced -~ a redefines was attempted in the
FILE SECTION of the source program.

Scanner error -- the scanner was unable to read an
identifier due to an invalid character.

Sign error -- either a sign was expected and not
found, or a sign was present wher not valid.
Significance lo0ss -- the numbder assigned as a value is
larger than the field defined.

Type error -- the type of a subscript index is not
integer numeric.

Undeclared identifier -- the 1dentifier was not
declared.

Unresolved ladel -~ label has not been referenced.
This warning will be given to all references to
external subdroutines.

Value error -- a value statement was assigned to an
item in the file section.

Wrong level error -- program attermpted to write a

record other than an @1 level record to am output
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cL

co

ME

NF

(0) %

oP
PS

SO
Vi

v2

T —

file.

C. INTERPRETER FATAL FRRORS

Close error -— the system was urable to close an output
file,

Call stack Overflow == insufficient memory availadle to
transfer varable address’ and/or return locatior for a
subroutine call.

Make error -- the system was unable to make ar output
file on the disk.

No file -=- an input file with the given name could rot
be opened.

Open Error -- attempt to open a file which was already
open.

Open Error -- the system was unabdle to open a file.
Procedure Stack -- rcot enough memory to load all
sudroutines.

Subroutine Overflow -~ sudroutine symdol tadle overflov.

¥rite non-sequential -- attempted to WRITF to a file

opened for INPUT or a file opened for I-C when ACCESS
was SEQUENTIAL.

Wrong key —— attempted to change the key value to a
lover value than the numder of the last record writ-

ten.
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w3

| L

w5

w6

w?

EM

GD

IC

NE

¥rite iaput -- attempted to WRITE to a file opened
for INPUT.

¥rite non-empiy -- attempted to WRITE to a non-empty
record.

Read output -- attempted to READ a file opened for
OUTPUT.

Revwrite error -—- attempted to REWRITE to a file

not opened for I1-0.

Revrite error -- attempted to REWRITE a record bdefore
reading the file; or multiple REWRITE attempts with-

out doing a READ bdetween each.

D. INTERPRETER WARNING MESSAGES

End mark -- a record that was read did not have a
carriage return or a line feed in the expected location.
Go to depending -- the value of the depending indicator
wvas greater than the numder of availabdle bdranch
addresses.

Invalid character -- an invalid character wvas 1loaded
into an output field during an edited move. For example,
a numeric character into an alphadetic-only

field.

Nureric Error -- non-numeric data in an earithmetic

operation.
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Ve Write Error —— the system was unable to write to an

output file on the disk. Disk may de full.

st Sigr Invalid -- the sign 1is not a + or a "=,
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LIST OF MICRO-COBOL RESERVED WORDS

The following is a list of reserved words for
MICRO-COBOL. The reserved vords are the same as those
specified for the BREYPO-COBOL language, except where noted
with an asterisk (*).

ACCEPT END-IF * MODE ROUNTIED
ACCESS ENTER MOVE RUN

ADD ENVIRONMENT MULTIPLY SAME
ADVANCING EOF *» NEXT SECTION
AFTER FQUAL NO ¥ SECURITY
ALPHABETIC ERROR NOT SFLECT

AND * EXIT NUMERIC SENTENCE
ASSIGN FD OBJECT-COMPUTER SEPARATE
AUTHOR FILE OCCURS SEQUENTIAL
BEFORE FILE-CONTROL OF SIGN

BLOCK FILLER OMITTED SIZE

BY FROM OPEN SOURCE-COMPUTER
CALL GIVING * OR * SPACE
CLOSE Go ORGANIZATION STANDARD
COBOL GREATER OUTPUT STOP

CoMP 1I-0 PAGE SUBTRACT
COMP-3 * 1-0-CONTROL PERFORM SYNC
COMPUTATIONAL*IDENTIFICATION PIC THRU
COMPUTE * I? PROCEDURE TIMES
CONFPIGURATION INDEXED * PROGRAM T0

DATA INPUT PROGRAM-ID TRAILING
DATE-WRITTEN INPUT-OUTPUT QUOTE UNTIL
DEBUGGING INSTALLATION * RANDOM USAGF
DELETE INVALIT READ USING
DEPENDING INTO * RECORD VALUE
DISPLAY LABEL RECORDS VARYING
DIVIDE LEADING REDEFINES VITH =»
DIVISION LEFT RELATIVE WORKINC~STORAGE
ILSE LESS REVRITE WRITE

END LINKAGE RIGHT ZERO

% A / and

[n gddition the arithemetic operatogs,  +., "=, "%

®% . and the comparison operators >, < and = are {n
the reserved word list. None of these symdols are in in KYPO
COBOL bdut have been added to the grammar of NPS MICRO-COBOL
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APPENDIX C

The MICRO-COBOL comviler and interpreter source files
currently exist in the high level language PLME@ and are

edited and compiled under the ISIS operating syster on a

INTEL Corporation MDS system. This is a description ¢f the

procedures required to compile and establish the programs to
compile and interpret a MICRO-COROL program. The MICRO-COBOL
compiler/interpreter runs on any 8080 or 71-82 based
microcomputer that operates under CP/M. The execution of the
following four files will cause a MICRO-COBOL program to be

complled and executed:

1. COBOL.COM
2. PART2.COM

3. EXEC.COM
4. CINTERP.COM

These four files are created from the following six

PLMB@ source programs.

1. PART1.PLM
2, PART2.PLM
3. BUILD.PLM
4. READER.PLM
5. INTRDR.PLM
€. INTERP.PLM
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The procedures used to create the four object files (COM

files) involve compiling, linking, and locating each of the

six source files under ISIS. The SID program 1is then used
under CP/M to construct the executable files. Each of the
following steps descrive the action(s) to bve taken and,

wvhere appropriate, the command string to be entered into the

computer.

1. An ISIS system disk containing the PLM8Z compiler is
placed into drive A and a non-system disk containing the
source programs 1is placed into drive B, It should %Ye roted
that drive A and B are the CP/M reference names for the
drives while F1 ard F2 are the ISIS reference rames used for
the associated disk drives.

2. Compile the PLM source program under ISIS usircg the

the following command: :

PLM8¢ :Fl:{filenamed>.PLM DEBUG XREF

DEBUG saves the symbol tadle ard 1line files for 1later
use during dedugging sessions. XREF causes a cross-reference

listing, of all idertifiers in the source program, to bde

e b 28 AU T YU Py et e Ve SOOI = > s 1 WOTRATR 1= ks STRMEL s T L F T WY W e

created. The cross—reference listing includes each

identifier and the assoclated 1line numder where the

identifier was declared and the 1line numbder of each

occurence of the identifier in the source program [12]).

3. Lick the PLMBO object flle.
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LINK :Fl:{filename>.0BJ, TRINT.OBJ, PLMED.LIR, TO
:F1:<{filename)>.MOD

See reference 11 for an exrlaration of PLM8J.1IB. The
TRINT.OBJ program interfaces the MON1 and MON2 furctions of
CP/M to the source program, allowing for the use of absolute
addresses in referencing these functions.

4, Locate the object file.
LOCATE :Fl:<{filename>.MOD CODE(org address)

The ~org address 1s the address where the prograr will
begin to bde loaded into memory. The following are org

addresses’ for the assoclated program:

PART1.MOD 1038
PART2.MOD 103H
INTERP.MOD 1038
INTRDR .MOD 8oH
BUILD.MOD 103H

READER.MOD  @BO20H

The “org addresses’ above represent the ones used with a 62K
dbyte CP/M system. The only address that would need to be
changed if a different size system wvas used would be the ore
for IREADER.MOD. See appendix E for specifics on the address
to use for IREADER.

4a. The two files INTRDR and IREADF? Jjust created dy the
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LOCATE commarnd must be converted to HEX FILES . By using
the ISIS command OBJREX <filename> the file will Dbe

[T TSP SN SO s

o a3

converted to the "BEX file” <filename).HEX.
5. Replace the ISIS system disk ir drive A with a CP/M X

RAMPEN R

system disk and reboot the system.

6. Transfer the located ISIS file from the ISIS disk on ?
drive B to the CP/M disk on drive A,

FROMISIS {filename)

6a. When transfering the "HEX files” to the CP/M disk )
use the following: E
| FROMISIS <{filename)>.HEX H
' A
I
; 7. Convert the ISIS file to a CP/M executable form.
E OBJCPM <f1ilename> 1
7a. The "BEX files” are not coverted to a CP/M format, 1
dbut are left in HEX format.
7b. The file INTERP should b®e renamed to CINTERP using
the command REN CINTERP=INTERP" bYefore the file 1is

converted to CP/M executadle form, This 1s nessacary decause
the ISIS operating system allovws file names to de only six
letters 1in length. Wher EXEC.COM is executed, the message

——re e e e, Y A -

“"CINTERP.COM NOT POUND" will be displayed if this step is

T

not omitted.

At this point the obdject file 1s in machine readadle
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form and will run under CP/M when called properly. PART2.COM
and CINTERP.COM are called by PART1.COM (COBOL.COM) and
BUILD.COM (EXEC.COM), respectively ard need no further work.
COR0L.COM and EXEC.COM need ¢to bde constructed frem the
remaieing four files.

COBOL.COM §is created by entering the following commands:

1. SID PART1.COM

2. IREADER.HEX

3. R8600

4. A314A

£. JMP 0B20O¢

6. Control-C

7. Save 56 COBOL.COM

See reference 7 for an explanation of the "I, "R", amd
"A" commands used above and ref 5 for an explaration of the
"SAVE" command. Steps four and five above are used to patch
the JUMP to READER referred to in the PART1.PLM program into
the PART1.COM program. It should be noted that each time
PART ONE is changed and recompiled the address of the
"patch" instruction (step 4 above) will change. Use of the L
command will aid 4in locating the address that needs to bve
changed. The assembly language code will have the following
form: 314A JMP 314A.

EXEC.COM is created by entering the following cormanis:
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1. SID BUILD.COM

2. IINTRDR.HEX

3. R1C022

4. CONTROL-C

5. SAVE 31 EXEC.COM

NPS MICRO-COBOL programs may now be executed in the
following manner. The source program is ramed,
{filename>.CBL. The commard "COBOL <filenamed”, causes the
MICRO~COBOL source program to be read into memory and
compiled. During the compilation, the intermediate code
file, <filename>.CIN, is written out to the disk as the code
1s generated. The command '"EX®C <fileramed”, causes the

file, <filenamed>.CIN, to be executed.
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APPENDIX D

PART ONE AND PART TWO INTERNAL DATA STRUCTURES
AND SIGNIFICANT VARIABLES

Within PART ONE and PART TWO, many sigrificant data
structures are used by the procedures which constitute tne
scanner and parser. Descriptions are given below for those
structures regarded as important and necessary for future

compiler development.
1. 1Ircterfacing Structures

ADDSEND -- this variadle is used to hold the end cf file
filler for the erd of the source program.

BUFFER(11) -- ©byte array used to hold the filenare and
filetype if declared, of an input or output file in the
SELECT CLAUSE of the FILE SECTION of a MICRO-COBOL source
program,

BUFFERSEND -- address variable which marks the last bdbyte
of the compiler input bduffer which i1s a 128 bdyte duffer used
for reading the source program.

ERRORSCTR(S) --'byte array used to hold a cournt o¢f the
total number of errors.

INSADDR ~-- address variable, default file control block
used initially to hold the <filename.CBL> of the source
program to be complled.

INSEUFF -~ 1literal value, marks the first tyte of the
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compiler input bduffer.
INPUT$FCB -- byte value, based at INSADDR(33), the Ddase

address of the default file control block of the source o

program, a
LINESCTR -- bdyte value that keeps track of the rumber of
lines in the input file. Also used to write the line rumbders

to the list flle.

LIST$BUFF(128) -- dyte array, used as a 128 dyte output
buffer for loading the generated 1list file.
LIST$FCB(33) -- bdyte array for the 1list file, file

control bdlock.
LIST$PTR — address value, used as ar 1index ircto tae ¥
1ist bduffer (LIST$BUFF). %
OUTPUTS$BUFF(128) =-- ©byte array, used as a 128 byte |

output dbuffer for 1loading the generated output (pseudo

e

instructions) when writing to the intermediate code file.
OUTPUT4CHAR -- bdyte value, based at the OUTPUTSPTR; used
to identify the particular bdyte of the output Dbduffer

(OUTPUT$BUFF) to which the next intermediate code
iastruction is to de written.

OUTPUT4END -- address variabdble, pointer to the end of
the output duffer (OUTPUTS$EBUFF).

OUTPUTS$FCB(33) =-- byte array, the FCB for the
intermediate code file <filename.CIN> estadlished in PART
ONE of the compliler and pasted to PART TWO of the compiler
by IREADER module.
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OUTPUTSPTR -- address value, used as an index icto the
output duffer (OUTPUTSBUFF).
POINTER -- address value, the address of the bdyte

holding the next input character of the source program.
2. Dedugging Structures

DERUGGING - logical byte value, toggle used 1in
conjunction with ":” in a MICRO-COROL source program text;
allows for the compilation or non-compilation of the
deugging statements following the “: .

ERROR -- loglcal bdyte value, toggle used to irdicate an
error ccndition and override a nolist condition thus
alloving errors to bYe written to the list file reguardless
of the write$lst toggle.

LISTSINPUT -- logical byte value, tcggle used to display
or not display a source program to ¢the CRT during
compilation.

NO$CODE -- logical dyte value, toggle used to stop code
generation for faster syntax checking.

PARMLIST(9) =- ©byte array used to hold the toggles set
by the compiler developer or user upon execution of the
command: COBOL {filename.CEL> $TOGGLES.

PRINT$PROD -- logical dyte value, toggle used to print,
in chronological order, at the CRT the production numbders of
the compiler grammar rules used during a compilation of the

source program.
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PRINT$TOKEN =-- logical byte value, toggle used to prirt
tokens and the numbers assigned to them,

SEQ$NUM == logical bdyte value, toggle used to indicate
the presence of sequence numbers in the first six positions
of each line of a source program belng compiled.

WRITESLST -- logical bdyte value, toggle used to indicate
vhether a 1list file is to be generated. A limited 1ist file
contalning errors and the line being parsed at the time of
the error(s) is always created.

UESFLAG -- logical dyte value, toggle used to 1indicate

whether there is an undeclared varibdle,
3. Memory Structures

FOFFILLER -- 1literal value, used to test for the
occurrence of an end of file character ("1AE" in CP/M), vhen
reading the source program.

FREESSTORAGE -- first free address following PART ONE of
the compiler; utilized as tke dase of the symbdol table. This
is the same value as HASHSTABSADCR {n PART TWO of the
compiler.

INITIAL$POS -- address value, the initial location of
the IREFADER module bdefore it is copled to high memory at
location MAX$MEMORY.

MAX$MEMORY -~ address value, the location in high memory
vhere the IREADFR module is to be moved.

MAX$INTSMEM -= address value, the highest wusabdle

168




i < s s A .

s e

addressable memory. This is the point vwhere no more code can

be generated due to insufficient memory.

NEXTSAVAILABLE -- address value, the pseudo machine
memory address for the next machine instruction.

PART1$LEN -- the cumbder of bytes of information saved in
high memory after execution of PART ONE and wused to
initialize PART TWO module variabdles of the compiler.

PASS18TOP —— this address is used in conjuncticn with
PASS1SLEN for locating the fourty-eight bdytes of information
saved in PART ONE for use in PART TWO of the compiler.

RDRSLENGTE -— 1literal value representing the 255 bytes
of the IREADER module to be moved from INITIALSPOS to
MAX$MEMORY .

4, Scanner Structures:

ACCUM(S1) -~ an array of 51 bytes; the first dyte
contains a count of the total number of characters currently
ic the accumulator. This structure holds tokens as they are
scanned, and will hold elther a reserved vword, a user
defined identiftier, or a literal.

COLLISION -- address varible, contained in first two
dbytes of an identifier’s symbol tadle entry and indicates
whether there is another identifier which hashes to the same
hash table address. This address points to that identifier’s
address in the symbol tabdle.

DISPLAY(88) -~ an array of 74 Dbytes; the first bdyte
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contains a count of the total number of characters (1-73)
currently in the display bduffer. Every line within a source
program 1s loaded {into this structure for subdbsequent
printing to the CRT terminal during compllation.

EDITSFLAG -- logical flag which denotes the fact that a
4 symbol has bdeen loaded into the DISPLAY array durirce
compilation. ¥When set the characters within DISPLAY will be
printed one at a time, until the ertire line is printed.

FASHSTABLESADDR -- the Ddase of the symbol tabdle
generated in PART ONE, used as the base of the hashtabdle.

HASHSTABSADDR -- this vas the address of the bdottom of
the symbol tadble generated in PART ONE of the compiler, and
saved for Part two.

INPUT$STR -- 1literal value (32), returned to the LALR(1)
parser anytime the token contained in the ACCUM {1s not a
reserved word or literal.

LITERAL =- 1literal value (15), returned to the LALR(1)
parser anytime the (first character ercountered by the
scanner is a quote (°), prior to loading the ACCUNM,

MAX$LEN —~— 1length of the longest reserved word allowved
by MICRO-COBOL.

$. Parser Structures:

BUFFER(31) -~ byte array used to store edited PICTURE
CLAUSE characters for subsequent intermediated code

generation.
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COMPILING -~ logical dyte value which indicates that
compilirg s taking place or not in PART ONT or PART TVWO;
set to FALSE whenever the statestack of the LALR(1) parser
1s reduced to a recognizadle finished state.

CUR$SYM ~— address variadle that holds the address of
the current symbol being accessed in the symbol tabdle.

DUPS$IDENSARRAY(24) ~- address array that holds the
symdol address for all files declared ir the INPUT-OUTPCUT
SECTION of a source program. When the FILF SECTION entry for
the file is encountered the array is searched to determire
1f the file was declared and to insure that a FILE SECTION
entry had not beer previously made,

FILESDESCS$FLAG -- logical byte value; indicates vwhether
the compiler is compiling the FILE LESCRIPTION SECTION of a
source program or not.

FILESSECSEND =--logical byte value set whenever the
parser has parsed passed the FILE SECTION of a source
program.

HOLDS$LIT(S1) -- byte array, first dyte contairs a count
of the total nanumbder of characters currently stored in the
BOLDLIT duffer which is used to hold characters for a8 VALLE
CLAUSE.

ID$STACK(10) ~- address array vhich functions as a stack
and i{s used to hold the addresses of identiflers at doth the
record and elementary levels. Whenever a record identifier

has pested elementary field identifiers it is saved on the
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IDSSTACK. Also, anytime a record identifier has succeeding
record identiffers redefining it, it {is saved on the
IDSSTACK. In the case of multiple recora descriptions in a
file description of the FILE SECTION, the record
descriptions following the first record are assumed
redefinitions.

ID$STACKS$PTR ~- a dyte index variadle into the IDSSTACK
array.

MAX$IDSLEN -- a numeric value (12), maximum length of
any user defined identifier.

MP — bdyte inaex variabdle into the VALCE array.

MPP1 -~ byte index variadle into the VALUE array, one
byte adove MP index.

NEXT4SYM ~-- this address indicates the next available
free space for a symbol table entry.

PENDINGSLITERAL -~ byte value (90,1,2,3,4,5), {ndicates
the category of the target input to a VALUE CLAUSE.

PENDINGSLITSID -~ vyte value (0,1,2,3,4,5), which is
saved to 1indicate the category of the most recently
encountered target input to a VALUE CLAUSE.

PRODUCTION ~- Ddyte value, determined by the parser and
indicates the next semantic action to bde taken by the
compiler.

REDFF ~- logical bdyte value which allows the testing of
an identifier’s storage value size against the storage value

size of a second identifier that redefines the first. Set to
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TRUE when there are multiple record descriptiorns within a FD
BLOCK in the FILE SECTION, or when a record or elementary
identifier declaration ir the VWORKING STORAGE SECTION
contains a REDEFINES CLAUSE.

REDEFSFLAG -- logical bdyte value, used to derote the
scanning and parsing of the FILE SECTION of & source
program, helps in identifying duplicate 1identifiers within
this section.

REDEFSONE -- address variable that holds the symdol
table address of the identifier bveing redefined by another
fdentifier.

REDEFS$TWO -~ an address variable that contains the
symbol tadble address of an ideptifier which redefines
another identifier.

SP =-- a bdyte index for the STATESTACK array and the
VALUE array; points to the too of the STATESTACX array.

STATE = a dyte value numeric quantity that 1indicates
the current parser state.

STATESTACK(48) -- a byte array which stacks the states
(production sequences) the parser passes through while
corpiling a source program.

TRUNCSFLAG ~-- loglical bdyte value that indicates numeric
truncation of an identifier’s VALUE CLAUSE 4input hasn’t
occurred, bdecause the identifier’s associated PICTURE CLAUSE
has not bdbeen scanned and parsed.

VALUE(40) =-- an address array that holds addresses of
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identifiers, specific attributes of these identifiers and
attributes of the current Source program staterent or
sentence being parsed.

VARC(51) —~ a byte array, the first bdbyte holds the court
of the total number of characters within it, used to hold
all the ASCII characters of tokens scarned withir the source
program, excluding reserved words; for subsequent amalysis
and processing.

VALUESFLAG -~ a logical bdyte that 1is set anytime an
identifier has an associated VALUE CLAUSE; used primarily to
recognize the occurrence of a PICTURE CLAUSE bdefore the
VALUE CLAUSE or when a record entry has a VALUZ CLAUSE, )bdut
no assoclated PICTURE CLAUSE except for those 1in {ts
elementary field identifiers.

VALUESLEVEL -- a byte value which saves the level numbder
of a record identifier which doesn’t have an associated

PICTURE CLAUSE.
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APPENDIX E
MACHINE DEPENDENT VARIABLES

The NPS MICRO-COBOL compiler/interpreter is designed to
operate on any 8069 or 783 based microcorputer ovperating
under CP/M with at 1least 2K bdbytes of memory. The PIM8B@
source files have been written in such a way, that certain
variables must be altered 1in the source code to take
advantage of the machine that the programs are going to Dbe
operating on. This appendix covers those programs and the
variables that must be altered.

1. PART1.PLM

This program has two variables that are memory si:ze
dependent, MAXSMEMORY and MAXSINTSMEMORY. The variabdle
MAX$MEMORY is set to 100H bytes below the base of the BDOS
and is used for the Ydeginning address of the IREADER
routine., The variable MAXSINT$MEMORY is set to the Ddase
address of the BDOS and is used as the upper lirmit for the
iﬁtermediate code file.

2. PART2,PLM

This program also has two variables that are memory size
dependert, MAX$MEMORY and PASS1S5TOP. In this program
MAX4MEMORY 1is set to the bdase address of the BDOS while
PASS1STOP 1s set to 100E dytes bdelow the dbase of the BDOS.

3. READPER.PLM

Although, this program does not have any memory si:ze
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dependent variadles the prograr rust be modified to execute
properly. ¥hen using the LOCATE command, under ISIS, this
routine must be located 122K bdytes below the BDOS of the
system. This address would correspond to the values of
MAXSMEMORY in PART2.PLM and MAXSINTSMEMORY in PART1.PLM.

4, BUILD.PLM

This program has one memory size dependent varlable,
INTERPSADDRESS must be set to the same address as CODE$SSTART
in INTERP.PLM.

5. INTERP.PLM and INTRLR.PLM

These two programs have no varlables that need to Dde
altered.

6. GENFRAL INFORMATION

The current version of the NPS  MICRO-COBOL
compiler/interpreter is designed for coctinued development
and certain variadbles are not set to make optimal use of
memory. The variable NEXT$AVAILABLE, in PART1.PLM, is set to
35028 and CODESSTART, 1in INTERP.PLM, s set to 3500H.
Normally, CCDE$START would be set to the address immediately
following the last address in CINTERP.COM and NEXTSAVAILABLE
would be set two bytes adove that address. These address are
currently set approximately 452H bdytes abdove where they
should be located, to allow for testing ana expansion of the
interpreter. AS soon as implementation is completed these

tvo addresses can bde reset to appropriate values.
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APPENDIX F

MICRO-COBOL PARSE TABLE GENERATION

The parse tables for NPS Micro-Cobol were generated on
the IBM 360 using the LALR(1) parse table generater
descrived in reference 20. There are basically two steps
involved in generating the tables. First, a deck of cards
containing the grammar {s entered into the computer using
the following JCL:
//PROGNAME JOB (2320,0417,0S91), “optional data’,TIME=S
//G0 EXEC PGM= LALR,REGION=22¢K
//STEPLIB DD DSN=F@119.LALR,UNIT=2314,
VOL=SER=LINDA,DISP=SER
//SYSPRINT DD SYSOUT=A,DCB=(RECFM=F3,
LRECL=133 ,BLKSIZE=3325),
// SPACE=(CYL,(1,1))
//NCNTER™ DD SPACE=(CYL,(1,1)),UNIT=SYSDA
//FSMDATA DD SPACE=(CYL,(1,1)),UNIT=SYSDA
* //PTABLES DD SYSOUT=B,
DCB=(RECFM=FB,LRECL=802 ,BLKSIZE=82¢2)
//SYSIN DD *

* This card can be replaced by //PTABLES DD SYSQUT=DUMMY
to surpress the card punching feature. This allows
modifications to bde made without wasting cards urntil

a8 nev LALR(1) grammer is produced.
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The ouput from this run is a listing and a card deck
containing the tables in XPL compatable format. This deck is
then translated 4irto PLM compatidle format using the
following JCL and an XPL program which is availabdle 1in the
card deck lidrary ir the Computer Science Department at the
Naval Postgraduate School.

//EXEC XCOM

//COMP ., SYSIN DD *

//GO.SYSPUNCER DD SYSOUT=B,

DCB=(RECFM=FB,LRECL=82,BLKSI12E=82¢@)

//GO.SYSIN DD =

The tables are then transferred to a diskette and edited
into the PLM8B@ source program using the ISIS COPY and EDIT
features on the INTEL MDS System. See APPENDIX H for the

procedures to transfer files from the IBM-362 to a floppy

diskette.
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APPENDIX G
LIST OF INOPERATIVE CCNSTRUCTS

The following 1is a 1ist of MICRO-COBOL elements that
el ther have not been implemented.

CLOSE - multiple closes

OPEN - multiple open’s

The following HYPO-COBOL elements are part of NPS
MICRO-COBOL only to the extent that they are defined in the
grammar, No code has been written to support them.

COMPUTE

AND and OR

ENTER

COMP and COMPUTATIONAL (binary arithmetic storage and
operations)

INDEXED

MULTI-DIMENSION tabdles
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APPENDIX H
I3 TO MICROCOMPUTER TRANSFYR PROCEDURES

A CP/M operating system program was writtenm by Prof.
Kodres for the express purpose of transferring ASCII files
from the IBM CP/CMS system. In order to use this pregram,
several equipment requirements must be met: a.) Reserve the
appropriate 1Intel MDS system in the Microcomputer lab. b.)
Call 646-2721(computer-center) to reserve a high speed(12¢@
baud) 1line to the micro-labv. c.) Connect the line marked
"IBM 1202 BAUD" line to the "black box" marked IBM, which
contains lipe drivers for the RS-232 circuit. Check that the
toggle switch is in the up/raised position. 4.) Connect the
serial connector comirg off the MODIFIED sirgle bdoard
computer (markea vith a yellow dot) to the other end of the
line driver box. All of the other bYoards in the M™DS are
unmodified with the exception of times when hardware
experimentation is being conducted by various groups of
students and/or facalty.

To commence communication with the 360 - invoke the CP/M
program IBM.COM - an executidble file. The program is loaded
and executed by typing “IBM filename.filetype”, vhere
"filename.filetype” 1is selected by the user as the CP/M file
vhich will bYe created as a result of a file transfer.
Successful completion of the abdbove steps will result in the

folloving data bdeing displayed on the CRT:
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(crt echo? y/n) Ansver "y~
(n) Placed by the CP/M program
Enter a <CR>

caCP-67 Online Normal CP/CMS signon ressage

At this point login to CP/CMS in a normal marner. Files
are transfered using the CMS command "PRINT ™ followed dby the
pame of the file to be transfered followed by a control-R.
This will cause the MDS to be put into the receive mode. A
{CR> will start the file transfer. The CRT should display

the following for a successful file transfer.

PRINT cmsfilename cmsfiletype ZErpter a control-R

(R) Puts MDS in receive mode
(R. CREATED filename.filetype) Enter a <CR>

(---- bdytes received END R) Enter a <CR> to re-enter CP

Enter a control-C to redoot

Each file transfer must bYe done with a separate
iovocation of the IBM file as all files will bYe transfered
to the file named when IBM is invoked. Before redooting for
the last time logout of CP/CMS in the normal manner and call
2721 and inform the computer center that the high speed line

fs available for other user’s,




APPENDIX 1
DEBUGGING NPS MICRO-COBOL USINC SID L

Note: Steps two and three are optional. They are used 1if E

the 1line numders in the program listing are to be H

used as well as the symbols for pass points.

PART ONE.

1. SID COBOL.COM PART1.STM
2. I* PART1.LIN
3. R <Cret>

4. I<file name.CBL> $<{compilier toggles as required)

5. Set desired passpoints

PART TwO.

1. SID COBOL.COM PART2.SIM

2. I* PART2.LIN

A

. R<retd>
4., 1<file name.CBL> $<{compilier toggles as required>
: 5. 150
.; 6. G,0B222
| 7. TS50
8. 6,100

9. Set desired passpoints
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INTERPRETER. Note: Use only SYM or LIN files dbut not doth.

1, SID FXEC.COM CINTERP.SYM
2., I* CINTERP.LIN

3. R<retd>

4. I<file name.CIND>

. G,22E
6. 1T25
7. G,100

8. Set desired passpoints

These instructions are designed to get the programs to the
proper place to be adle to use SID. See reference (8] for
instructions on how to use SID commands. It shculd bdbe noted
that charges to the routire BUILD will change instruction §
in the INTERPRETER command 1ist. That command is intended to
stop after BUILD has finished executing and is the 1locatiorn

of the last instruction in that module.
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4 COMPUTER LISTING FOR MODULE PART ONE NPS MICRO-C2ROL

I TR e o

$ TITLE(’NPS MICRO-COBOL COMPILER PART1°) PACEWIDTE(8@)
PAGELENGTH (6@)
PART1:D03

p—
2

P

/* COBOL COMPILER - PART 1 ®/

T VAW -

La

/* NORMALLY LOCATED AT 103H */
/* GLOBAL DECLARATIONS AND LITERALS */

o

1 DECLARE DCL LITERALLY °‘DECLARE’, g
v LIT LITERALLY ‘LITERALLY’; 3
DCL CR LIT ‘13’ ¢
EOFFILLER LIT 1AH , /* END OF RECORD FILLER */ L
PALSE LIT ‘0° ¥
FRROR BYTE INITIAL(FALSE), i
FILESDESCSFLAG BYTE INITIAL(FALSE), ¢
UISPLAG BYTE, /*UNDECLARED VAR FLAG®/ 4
FOREVER LIT “WHILE TRUE’, §
INITIALSPOS ADDRESS  INITIAL(3600H), >
LF LIT ‘1¢° i
MAXSMEMORY ADDRESS INITIAL(GBZO@E). ¢
QUOTE LIT ‘278’
PARMLIST(9) BYTE INITIAL( Y,
PARMS LIT ‘6DR’, :
PASS1$LEN ADDRESS INITIAL(352), :
POUND LIT ‘23R°, H
PROC LIT PROCEDURE*, |
RDRSLENGTEH LIT ‘2557, i
TRUT LIT ‘173 ~
DCL MAXLNO LITERALLY “138°, /* MAX LOOK COUNT */

MAXPNO LITERALLY “1%6°, /* MAX PUSE COUNT */
MAXRNO LITERALLY “118°, /* MAX READ COUNT ®/
MAXSNO LITERALLY “253°, /* MAX STATE COUNT =/ !
STARTS LITERALLY ‘1°,  /* START STATE */ |
PRODNO LITERALLY °“97°, /* NUMBER OF PRODUCTIONS =/ :
PROCC LITERALLY “48°, /* PROCEDURE */
TERMNO LITERALLY “64°; /* TERMINAL COUNT =/
DCL READ1 (*) BYTE
DATA(O,61,50,60,33,8,25,63,2,33,55,62,11,33,33,41,40,36
,46,9,19,39,6,26,34,59,3,14,15,18,20,33,29,51,33,1 ,44 ,40
,38,45,1,1,1,1,1,1,1,1,1,10,1,41,1,1,1,40,1,35%,42,51,40
41,1, 1.40.15.17.22.30 23,24,58,54,57,43,37,48,1,7,52,1
,33.1 33.33.47.1.33.1.33 1,33,1,33,49,27,33,39,4,35,56
1,1,33,5,12,13,21,22,28,1,64,1,23,24,58,%31,%3)3
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DCL

DCL

DCL

DCL

DCL

DCL

DCL

LOOK1(*) BYTE

DATA(9,8,0,25,0,9,19,0,44,0,44,0,1,2,54,0,57,0,43,0,37,9
»52,0,1,0,49,0,4,06,35,0,56,0,42,0,1,0,2,0,33,0,1,0,1,0,11
,9,64,0,7,2,33,0,33,0,33,0);

APPLY1(*) BYTE
TATA(0,0,0,0,0,0,0,0,9,10,12,14,16,20,0,0,0,7,0,0,107,0,0
,106 ,0,0,6,0,0,0,103,0,28,0,9,2,8,98,4,0,2,96,0,0,0,2,13
,18,0,108,109,1190,0,0,2,9,0,101,9,2,56,9,0,24,31,39,40,0
,22,41 ,42,54,58,90,99,100,0);

READ2 (*) BYTE

DATA (9,68,59,67,168,27,38,72,22,252 ,63, 69, 28,253,231 ,53
47,114,115, 242,243 .45 .232,233 ,235 , 234 .23 . 249, 248, 251 , 250
1247,189,188,184,9,245,49,212,211,7,8,11,13,15,2,3,111,16
"173.4,52,21.14,19.50,12,187,18€6,185,46,51,20,10 . 48,31 .32
134,40,36.27.66.62.65.55.44,157,17,26,60,112,169 .160,169
"169,57,162,169.164,169,166.169.172,169,58,224, 252,209
"24,42 ,64,54,222,196,253,25.29,113,33,35,39,18.71,179,36
'37.66 .41 .61);

LOOK2(*) BYTE
DATA(2,5,139,6,142,30,30,141,43,142,56,143,144,72,74,145
,75,146,76,147.77,148.81 149,150 ,04 .89 .151.92,214 .93 . 239
'94.152.95.153 .205,96.98.,200, 99,213 .,227,101,154, 102,103
"192,105,155,156,1987, 108,216,109 ,218,110,204) ;

APPLY2(*) BYTE
DATA(@,2,121,158,118,117,119,159,83,122,85,86,87,88,82,80¢
,126,79,170 ,135,178,177,196,161,180.182.127, 163,175,133
1195.104,100,130,78., 134,129 .203 .202 .104 .126.208 . 207 .210
"12@.199.137.138.136, 221,221, 221,220,123, 132,97 131 .230

" 229,240,237 .236,241.215.91,125,124,90,116, 73,238,190 , 225
122%3.198.198.197);

INDEX1(*} BYTE
DATA(2,1,2,3,4,5,6,7,8,4,4,9,4,9,4,10,4,11,9,117 .4,12,13
,13,9,14.15,16.13,17.19,9,21.22 ,26.27.32,34,25,9.9.13 .13
136,37 ,38,40 ,41 ,42,43, 44, 45,46 ,47,13,48 ,56,49,13 .50 ,51 ,52
153,54 .55.56.57,60.61,62.63.64.65.69.72.73.74.75.76.77 .78
'79.80.82.084.86.88.90.92.94.95.97.98.99.10¢,101,65,102 .8
'13.10%,105,105,12.111,112,113.117,9.9,9,1,%,5,8,10,12
'14.16,18,20,22.24.26,28,39,32 .34 ,36 .36 ,40 .42 , 44 .46 48,50
'52.54 .56 201,161,244 246,246 ,206.165,163,167.219,171,174
1226 ,176,191 228, 217,193,1 .23 14 ,4,5.5,6,6,7,7,8,8,15.15
'16,17,17,18.18,19,19,20.22,22.23,23.23,25.25, 25 .26, 26,27
127.28.28.29.29.30,32.32,34 .35 .35 .36 .36.37.30.20 .40.40 .41
T41041 .41 141 A3 43 44,44 45.45 46 .46.40.53.53 .54 .54 55 .55
156.56.57.57.57.,87.57 .57 .57 .57 .57 .57.57.59.50 .59 .60 .60 .62,
.62 .62 (62 062 ’63068) ;

INDEX2(*) BYTE

DATA(Q'l.1.1’1.191,1’1|1,1'10101'1.1'10101'10101'101'1 '1
o1,1,1,2,2,1,1,4,1,5,2,1,1,1,1,1,1,1,1,2,1,1,1,1,1,1,1,1
1,1,1,1,1,1,1,1,1,1,1,1,3,1,1,1,1,1,4,3,1,1,1,1,1,1,1,1
12,2,2,2,2,2,2,1,2,1,1,1,1,1,4,1,1,1,2,6,6,1,1,1,4,2,1,1
1,2,2,3,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2




ek BAN

.2.5.6.so.43.56.72.74.75.76.77.81.84,89.94.95.102.105.107
v347,3,3,0,3,0,3,0,3,0,¢,1,7,0,8,1,0,6,0,0,1,3,0,1,1,2,1
.0'6.0.0.0.1,0.2.0.0.1.2,@,1'5'3'0.0'1 .4.3.@,0,1,2.1.2,2
,2,0,2,3,0,3,0,0,1,4,0,0,1,0,0,0,0,1,1,1,1,1,1,2,2,3,1,1
,1,0,0,0,0,0,0,0,0,0,0,0,0);
/* JOINT DECLARATIONS
TEESE ITEMS ARE DECLARED TOGETHER IN THIS SECTION
IN ORDER TO FACILITATE THEIR BEING SAVED FOR
THE SECOND PART OF THE COMPILFR. */
DCL DRBUGGING , BYTE INITIAL(FALSE),
ERRORSCTR(5) BYTE INITIAL(’ %),
LINESCTR(S) BYTE,
LIST$BUFF(128) BYTE,
Lrswsggs(as) BYTE INITIAL(O, LsT’,0,0,0
 J *
LISTSINPUT BYTE INITIAL(TRUE),
LIST$PTR ADDRESS,
MAXSINTSMEM ADDRESS INITIAL(9B109Q),
NEXTSAVAILABLE ADDRESS INITIAL(35@2H),
NEXTSSYM ADDRESS,
NO4CODE BYTE INITIAL(FALSE),
OUTPUT$BUFF(128) BYTE,
CUTPUTS$FCB(33) BYTE INITIAL(O, CIN’,0,0,2
*
OUTPUTSPTR ADDRESS,
POINTER ADDRESS INITIAL(1@@E),
PRINTSPROD BYTE INITIAL(PALSE),
PRINTSTOKEN BYTE INITIAL(PALSE),
SEQSNUM BYTE INITIAL(FALSE),
WRITESLIST BYTF INITIAL(FALSE),
FREESSTORAGE ADDRESS INITIAL(3800R),
PILESSECSEND BYTE INITIAL(FALSE),
/* 1 O BUFFERS AND GLOBALS */
INSADDR ADDRESS INITIAL(SCRH),
INPUTSYCB BASED INSADDR(33) BYTF,
LISTSCHA® BASED LISTSPTR BYTE,
LISTSEND ADDRESS,
OUTPUT $CHAR BASED OUTPUTS$PTR BYTE,
OUTPUTSEND ADDRESS

MON1: PROC (P,A) EXTERNAL;
DCL A ADDRESS, F BYTE;
END MON1;

MON2: PROC (F,A) BYTE EXTERNAL:
DCL T BYTE, A ADDRESS;
IND MON2;

BOOT: PROC EXTERNALS
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: END BOOT;

PRINTSCEAR: PROC (CEAR)S
DCL CHAR BYTE;
CALL MON1 (2,CHAR);
END PRINTCEARS

WRITESOUTPUT: PROC(BUFF,FCB); /* WRITES OUT A BUFFER */
DCL (BUFF,FCB) ADDRESS;
CALL MON1(26 ,BUPF); /% SET DMA */
{ IF MON2(21,FCB) <> 0@ THEN
DO;

CALL MON1(9,.(°WR$"));
CALL BOOT;
END:
CALL MON1(26,80E); /% RESET DMA */
END WRITES$OUTPUT;

WRITESTOSDISK: PROC(CHAR);
DCL CHAR BYTE;
IF (LISTSPTR := LISTS$PTR + 1) > LISTSEND THEN
DO3
CALL WRITE$OUTPUT(.LIST$BUFP,.LISTS$FCB)}
LISTSPTR = ,LISTS$BUFF;
ENDS
LIST$CHAR = CHAR;
END WRITES$TO4DISK;

PRINT: PROC (A);
DCL (A,ADDR) ADDRESS,CHAR BASED ADDR BYTES
ADDR = A3
DO WBILE CHAR < ‘4¢3
CALL WRITESTOS$DISK(CHAR);
ADDR = ADDR + 1;
END;
CALL MON1 (9,A);
END PRINT;

CRLF: PROC; ,
CALL MON1(9,.(CR,LF,”$"));
END CRLF;

DCRLF: PROC;
CALL WRITESTO$DISK(CR);
CALL WRITESTO$DISK(LP);
END DCRLF;

INC$CTR: PROC(BASE);
DCL BASE ADDRESS, CTR BYTE, BSBYTF BASED BASE (1) RYTE,
TEN LIT “3AF’;
CTR = 4}
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DO WHILE (B4BYTE(CTR) := B4BYTE(CTR) + 1) = TEN;
BSBYTE(CTR) = ‘2

N TR P2

IFP CTR > 0@ THEN
IF B$BYTE(CTR := CTR - 1) = ° ° THEN
nsann(crn) = ‘Q’; §
ENDS &
END INCSCTR; 8
PRINT$ERROR: PROC (CODE); i
DCL I BYTE,CODE ADDRESS,CODE1(6) ADDRESS; y
IF CODE = FALSE THEN i
DO} ¥
DOl =9 TO 5; 4
CODE1(1I) = 93 k
END; g
1 =@; g
} END; g
| ELSE IF CODE = TRUE THEN £
| DO; ?
{ 1 =0; £
DO WHILE((I <> 6) AND ( CODF1(I) < 0)); ;
CALL PRINTCHAR(EIGE(CODE1(I)))}
CALL PRINTCHAR(LOW (CODE1(I)));
CALL WRITES$TO$DISK(EIGE(CODE1(I))):
CALL WRITESTOSDISK(LOW (CODE1(I)))s
CALL CRLF;
CALL DCRLF;
CODE1(1) = @3
I =1+ 1%
END;
I =03
ERROR = FALSE;
END;
ELSE IPF (CODE = “NP”°) OR (CODF = ‘SL’)
OR (CODF = °NV’) THEN
DO
ERROR = TRUE;
CALL PRINTCHAR(FIGH(CODE))
CALL PRINTCEAR(LOW(COLE));
CALL INCSCTR(.EPRORSCTR(2));
IF CODF <> ‘NP’ THEN B
DO; ‘
CALL CRLY®; 5
CALL DCRLF; !
ENDS j
END; :
ELSE |
psH ‘

] ERROR = TRUE;
. IF I <> 6 THEN
! 10}
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CODE1(I) = CODES
I =1+ 13
ENDS
5 CALL INCSCTR(.ERRORSCTR(®));
END;
END PRINTSERRORS

FATALSERROR: PROC(REASON);
DCL REASON ADDRESS;
CALL PRINTSERROR(REASON);
CALL PRINTSERROR(TRUE);
CALL 300T;

END FATALSERROR}

OPEN: PROC;
IP MON2 (15,INSADDR) = 255 TEEN CALL FATALSFRROR(‘OP‘);
END OPEN;

MORESINPUT: PROC BYTE;
DCL DCNT BYTE;
IF (DCNT := MON2(20,.INPUTS$FCB)) > 1 THEN
CALL FATALSERROR(‘BR’);
RETURN NOT(DCNT);
END MORESINPUT;

MAKE: PROC(FCB);
DCL FCB ADDRESS;
/* DELETES ANY EXISTING COPY OF THE OUTPUT FILE
AND CREATES A NEW COPY*/
CALL MON1(19,FCB);
IF MON2(22,FCB) = 255 THEN CALL FATALSERROR("MA‘);
END MAXE;

MOV®: PROC(SOURCF, DESTINATION, COUNT);
DCL (SOURCE,DESTINATION,COUNT) ADDRESS,
(S$BYTE BASED SOURCE, D$BYTE BASED DESTINATION) BYTES
DO WHILE (COUNT := COUNT - 1) <> @FFFFE;
D$BYITE = SS$BYTE;
SOURCE = SOURCE + 1;
DESTINATION = DESTINATION + 13
END;
END MOVES

PILL: PROC(ADDR,CHAR,COUNT);
DCL (ADDR,COUNT) ADDPESS,
(CHAR,DEST BASED ADDR) BYTE;
DO WHILE (COUNT := COUNT - 1) <> @FFFFEH;
DEST = CHAR;
ADDR = ADDR + 13
END}
END FILLS
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DCL

DCL

/* % % x % % SCANNER LITS * =*» x =x x/

INPUTS$STR LIT ‘337,
LITERAL LIT ‘157,
PERIOD LIT ‘173

/¥ ¥ % % &% SCANNER TABLES * * » x  x/

TOXKENSTABLE (*) BYTE DATA

/% CONTAINS TBE TOKEN NUMBER ONE LESS TEAN THE FIRST
RESFRVED WORD FOR EACH LENGTE OF WORD */
(0,0,1,4,5,15,22,33,40,46,49,51,53,58,60,61),

TABLE(*) BYTE DATA(’FD’,‘OF’,°TO°, ‘PIC", COMP°, ‘DATA ", ‘FILE’

»'LEPT’, MODE’, “SAME’, “SIGN’, "SYNC’, "2ERO‘, “BLOCK "
»LABEL’, “QUOTE’, "RIGHT’, SPACE’, “USAGE’, “VALUE’, “ACCESS *
»ASSIGN’, AUTHOR’, ‘COMP-3°’, "FILLER ", "OCCURS’, "RANDOM”
., RFCORD”,”SFLECT’, "DISPLAY’, "INDEXED’, “LEADING”

o LINKAGE’, “OMITTED”, "RECORDS *,“SFCTION’, “DIVISION”

» 'RELATIVE’, "SECURITY’, “SEPARATE °, “STANDARD’, “TRAILING *
, 'DFBUGGING °, “PROCEDURE’, "REDFFINES °, “PROGRAM-ID"

s "SEQUENTIAL’, "ENVIRONMENT’, "I-0~CONTROL’, DATF-¥WRITTEN’
» FILE-CONTROL ", "INPUT-OQUTPUT’, "INSTALLATION

o TORGANIZATION’, “COMPUTATIONAL’, "CONFIGURATION’

, IDENTIFICATION’, "OBJECT-COMPUTER’, "SOURCE-COMPUTER"

» "WORKING-STORAGE "),

OFFSET (16) ADDRESS

/* NUMBER OF BYTES TO INDEX INTO TRE TABLE FOR EACH
LENGTH */

INITIAL (0,0,0,6,9,45,80,134,182,231,258,278,
300,360 ,3€6,409),

WORDSCOUNT (*) BYTE DATA

/* NUMBER OF WORDS OF EACH SIZE */
(2,0,3,1,9,7,9,7,6,3,2,2,5,2,1,3),

ACCUMSLENSPS1 LIT ‘’51°, /* ACCUMSLENC PLUS 1 %/
ACCUM (ACCUMSLENSPS1) BYTE,
ACCUMSLENG LIT ’50°
ADDSEND(*) BYTE DATA(’ PROCEDURE"),
BUPPERSEND ADDRESS INITIAL(10eH),
CHAR BYTE INITIAL(CR),
DISPLAY(88) BYTE INITIAL(S,” 1 °),
FIRSTSLINE BYTE INITIAL(TRUE),
FORMSFEED LIT ‘QcH’,
BOLD BYTE,
INBOTF LIT ‘sed”’,
LOOKED BYTE INITIAL(FALSE),
MAXSLEN LIT ‘157, .
NEXT BASED POINTER BITE,
TAB LIT ‘e9°,
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TOKEN BYTES /*RETURNED FROM SCANNER */
/¥ * » » ¥  PROCEDURES USED BY THE SCANNER * * = x/

NEXT$CHAR: PROC BYTES
IF LOOKED THEN
DOS
LOOKED = FALSE;
RETURN (CHAR := HOLD)S
FND3
IP (POINTER:=POINTER + 1) >= BUFFER$END TEEN
Los
IF NOT MORESINPUT THEN

DO;
BUFFERSEND = .MEMORYS
POINTER = .ADDSEND;
END;
ELSE POINTER = INBUFF;
END;
IF NgXT = EOFFILLER THEN
03
BUFFER$END = _MEMORY;
POINTER = .ATDSEND;
END;
RETURN (CHAR := NEXT);
END NEXTSCHAR;

GETS$CEAR: PROC;
CHAR=NEXT$CHAR;
END GETSCEAR;

DISPLAY$LINE: PROC;
DCL I BYTES
DOI =1 TO DISPLAY(Q);
IF LISTSINPUT OR ERROR THEN CALL
PRINTCEAR(DISPLAY(I));
IF WRITESLST OR ERROR THEN
CALL WRITESTOSDISK(DISPLAY(I));
END?

CALL INCS$CTR(.DISPLAY(Q));
DISPLAY(Q) = 5;
END DISPLAYSLINE;

LOADSDISPLAY: PROCS
IF DISPLAY(@) < 87 THEN
DISPLAY(DISPLAY(@) := DISPLAY(®) + 1) = CHAR;
CALL GETSCHAR;
END LOADSDISPLAY;

PUT: PROC;
I? ACCUM(@) < ACCUMSLENG THEN
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ACCUM(ACCUM(Q) := ACCUM(@) + 1) = CHAR;
CALL LOAD$DISPLAY;
END PUT;

EATSLINE: PROCS
DO WHILE CHAR <> CRj
CALL LOADS$DISPLAY;
END?
END EATSLINES

GET$NOSBLANK: PROC;
DCL 1 BYTE;
DO FOREVER;
IF (CHAR = ° ° OR CHAR = TABR) THEN CALL LOADSDISPLAY;
ELSE IF CHAR=CR THEN

DO}
IF FIRSTSLINE THEN

Lo
FPIRSTSLINE = PALSE;
CALL GETS$CHARS
END}
ELSE
DO}

CALL LOADSDISPLAY;
CALL LOADSDISPLAY;
CALL DISPLAYSLINE;
CALL PRINTSERROR(TRUE)S
END;
DO WHILE CHAR = CRjS
CALL LOAD$DISPLAY;
CALL LOAD$DISPLAY;
CALL DISPLAYSLINE;
END;
IFP SEQ$NUM THEN
DOI =1 TO 63
!ND‘OALL LOADSDISPLAY;
’
IF CEAR = “*° THEN CALL BATSLINE;
BLSEng? CHAR = °/° THEN
H

IF LIST$INPUT THEN
CALL PRINT$CHAR(FORMS$FEED);
IF WRITE$LST THEN
CALL WRITB$TOS$DISK(FORMSFEED);
CALL EATLINE;
END}
ELSE IF CHAR = “:° THEN

0;
" IF NOT DFBUGGING THEN CALL EATSLINE;
4p; ELSE CALL LOADSDISPLAY;
END;
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END?
ELSE RETURN;
END; /* END OF DO FOREVER */
END GETSNOSBLANKS

SPACE: PROC BYTES

RETURN (CHAR = ° °) OR (CHAR = CR) OR (CEAR = TAB);
END SPACES

DELIMITER: PROC BYTE;
IP CFAR <> “.° THEN RETURN FALSE;
BOLD = NEXTS$CHAR;
LOOKED = TRUE;
I? SPACE THEN
Do;
CHAR = “.";
RETURN TRUE;
END;
CHAR = *,”%;
RETURN FALSE;
END DELIMITER;

END$OFSTOKEN: PROC BYTE;
RETORN SPACE OR DELIMITER;
END END$OFSTOKENS

GETSLITERAL: PROC BYTE;
CALL LOADSDISPLAY;
DO FOREVER;
Ir ng§ = QUOTE THEN
’
CALL LOADS$DISPLAY;
RETURN LITERAL;
END;
CALL PUT;
END}
END GETS$LITERALS

LOOK$UP: PROC BYTE;
DCL POINT ADDRESS ,HERE BASED POINT(1) BYTE, I BYTE;

MATCH: PROC BITE;
DCL J BYITE;
DO J =1 TO ACCUM(@);
IND IT HERE(J - 1) <> ACCUM(J) THEN RETURN FALSE;
ND3
RETURN TRUE;
END MATCH?

POINT = OFPSET(ACCUM(@)) + .TABLE;
DO 1 =1 TO WORD$COUNT(ACCUM(@));
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IF? MATCH THEN RETURN I
POINT = POINT + ACCUM(@);
END;
RETURN FALSE;
END LOOKSUP;

RESERVEDSWORD: PROC BYTE;
DCL (NUMB,VALUE) BYTE;
IT ACCUM(@) > MAXSLEN THEN RETURN @)
I1? (NUMB := TOKENSTABLE(ACCUM(@))) = @ THEN RETURN @:
I? (YALUE := LOOKSUP) = @ THEN RETURN @;
RETURN (NUMB + VALUE);
END RESERVEDSWORD;

GETSTOKEN: PROC BYTE;
ACCUM(Q) = @3
CALL GETINOSBLANK;
IP CEAR = QUOTE THEN RETURN GETSLITERAL;
I? DELIMITER THEN
Do?
CALL PUT}
RETURN PERIOD;
END}
DO FOREVER;
CALL PUT;
IF END$OFSTOKEN THEN RETURN INPUT$STR;
END; /* OF DO FOREVER */
END GETS$TOKEN;

SCANNER: PROC;
DCL CEECK BYTE;
DO FOREBVER;
IF(TOKEN := GETSTOKEN) = INPUT$STR TBEN
IP (CEECK := RESFRVEDSWORD) <> @ THEN
TOKEN = CHECK;
IF TOKEN <> @ TEEN RETURN;
CALL PRINTSERROR (°SE’);
| DO WHILE NOT ENDS$OFS$TOKEN;
' CALL GETSCHAR;
‘ END;
END;
END SCANNER;

3 PRINTSACCUM: PROCS
: : DCL I BYTES
DOI =1 TO ACCUM(Q);
CALL PRINTSCHAR(ACCUM(I))
!"D;cann VRITESTOSDISE(ACCUM(
i CALL CRLF;
CALL DCRLYF:

’
)i
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END PRINTSACCUMS

PRINTSNUMBER: PROC(NUMB);
DCL(NUMB,1,CNT,K) BYTE, J(*) BYTE DATA(100,10);
POl =02 TO 13

CNT = 93
DO WHILE NUMB D= (K := J(I));
NUMB=NUMB - K;
CNT=CNT + 1}
END;
. CALL PRINTCHAR(’®° + CNT);
ND3
CALL PRINTCHAR(’G° + NUMB);
END PRINTSNUMBER;

INITSSCANNER: PROC;
DCL CONS$CBL (*) BYTE DATA (°CBL’),(TESTFLAG,I) BYTE;
CALL nov:(rnnns,.vannLIsr 8);
1P PARMLIST(@) = THEN
DO
| I = 9; ,
DO WERILE (TESTPLLG ¢= PARMLIST(I =1 + 1)) & ° ‘3

IP TESTPLAG = °‘L° THEN LIST$INPUT = NOT LISTS$INPUT;
IF TESTFLAG = ‘S’ THEN SEQSNUM = NOT SEQSNUM;

IF TESTFLAG = ‘P’ THEN PRINTSPROD = NOT PRINTSPROD;
IP TESTPLAG = “T° THEN PRINT$TOKEN = NOT PRINTS$TOKEN;
IF TESTFLAG = “C° THEN NOSCODE = NOT NOSCODE;

IF TESTFLAG = ‘W’ TEEN WRITE$SLST = NOT WRITESLST;
IF TESTPLAG = “D” THEN DEBUGGING = NOT DEBUGGING;

END$
END;

CALL MOVE(.CONSCBL,INSADDR + 9,3);
CALL PILL(INSADDR + 12,90,5);
CALL OPEN;
IF NOT NOSCODE THEN
Do;
CALL MOVE(INADDR, .OUTPUTSFCR,9);
OUTPUTS$PCB(32) = 9;
OUTPUTSEND = (OUTPUTSPTR := .OUTPUTSBUFP - 1) + 126;
!ugénL MAKE( .OUTPUTSFCB);
9
CALL MOVE(INADDR,.LIST$FPCB,9);
LISTSFCB(32) = 03
LISTSEND = (LISTS$PTR := .LISTS$BUFF - 1) + 1283
CALL MAKE(.LISTS$FCB);
CALL GETSNOSBLANK; /* PRIME THE SCANNER */ ‘
CALL Pnlursnanon(rnnsn). .
CALL PRINT(.(’NPS MICRO-COBOL COMPILER VERSION 2.0°, X
CR Lr.Lr, $°))s
EIND qursscauuzns
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/* * = ® END OF SCANNER PROCEDURES * x x =/ :
‘ ) . N
o /* ®* % % % SYMBOL TABLE DECLARATICNS * #* & %/ .
DCL :
ADDR2 LIT ‘e’ i
CURSSYM ADDRESS, /*SYMBOL BEING ACCESSED*/ :
D$CNT BYTE, :
DECIMAL LIT ‘117, 1
DISPLACEMENT LIT ‘14°, §
| ELSCNT LIT ‘6’, *
3 HASH4MASK LIT ‘3FH°, i
! LEVEL LIT ‘10°, ;
g LOCATION LIT ‘2%, ,
; MAXSIDSLEN LIT ‘15°,
| NEXTSSYMSENTRY BASED NEXT$SYM  ADDRESS,
OCCURSS$PTR ADDRESS INITIAL(Q),
PSLENGTH LIT ‘3’,
RELSID LIT ‘8,
SAVESADDR ADDRESS,
SSLENGTH LIT ‘3,
SSTYPE LIT 27,
STARTSNAME LIT ‘13°, /*1 LFSS*/
SYMBOL BASED CURSSYM(1) BYTE,
SYMBOL$ADDR BASED CURSSYM(1) ADDRESS,
TEMPS$PTR ADDRESS, :
TEMP$ADDR BASED TEMP$PTR  ADDRESS, i
TEMPSBYTE BASED TEMPSPTR  BRYTE; .
/* ®* % % % TYPE LITERALS * * % % % % & »*/ B
DCL
comMP LIT ‘21°,
GROUP LIT ‘6°,
, OCCURSSTYPE LIT ’128°,
| RANDOM LIT 3°,
| RELSKEY LI? ‘25",
t, RELSKEYSUR LiT ‘26°,
4 SEQUENTIAL LIT ‘17,
1 SEOSRELATIVE LIT ‘2%,
UR$MASK LIT ’128°,
» VARIABLESLENG LIT ‘e”}
/* ®* = = SYMROL TABLE ROUTINES * * = =/
INITSSYMBOL: PROCS
/® INITIALIZE BASH TABLE AND PIRST COLLISION FIFLD %/

CALL PILL (PREE$STORAGE,0,130);
NEBXT$SYM = PREE$SSTORAGE + 1283
NEXTSSYMS$ENTRY = 03

END INITSSYMBOLS
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GETSPSLENGTR: PROC BYTE;
RETURN SYMBOL(P$LENGTE);
END GET4PSLENGTH;

SET$ADDRESS: PROC(ADDR);

DCL ADDR ADDRESS;

SYMBOLSADDR (LOCATION) = ADDR;
END SET$ADDRESS;

GETSADDRESS: PROC ADDRY¥SS;

RETURN SYMBOLSADDR(LOCATION);
END GET$ADDRESS;

GET$TYPE: PROC BYTE;
RETURN SYMBOL(S$TYPE);
END GETS$TYPE;

SET$TYPE: PROC(TYPE)S
DCL TYPE BITE;
SYMBOL(S$TYPE) = TYPE;
END SETSTYPE;

ORSTYPE: PROC(TYPR);

DCL TYPE BYTE;

SYMBOL(SS$TYPE) = TYPE OR GETS$TYPES
END ORSTYPE;

GETSLEVEL: PROC BYTE;
RETURN SYMBOL(LEVEL);
END GETSLEVEL;

SETS$LEVEL: PROC (LVL);
DCL LVL BYTE;
SYMBOL(LEVEL) = LVL;

END SET$LEVEL;

GETS$DECIMAL: PROC BYTE;
RETURN SYMBOL(DECIMAL);
END GETSDECIMAL;

SET$DECIMAL: PROC (DEC);
DCL DEC BYTE;
SYMBOL(DECIMAL) = DEC;

END SET$DECIMALS

SETSSSLENGTY: PROC (HOWSLONG);
DCL HOW$LONG ADDRESS;
SYMBOLSADDR(SSLENGTH) = HOWSLONG;
END SET4SS$LENGTHS




GET$SSLENGTH: PROC ADDRESS;
RETURN STYMBOLSADLR(SSLENGTH):
END GET4SSLENGTEH;

SET$ADDR2: PROC (ADDR);
DCL ADDR ADDRESS;
SYMBOL$ADDR(ADDR2) = ADDR;
END SET$ADDR2;

SETSTBLYSIZE: PROC(OCCUR);
DCL OCCOR ADDRESSS
SYMBOLSADDR (EL$CNT) = OCCUR;
END SET$TBLSSIZE;

GET$TBLSSIZE: PROC ADDRESS;
RETURN SYMBOLSADTR(ELSCNT);
END GETS$TBLSSIZE;

SETSIOSADLRS: PROCS
SYMBOLSADDR(LOCATION) = NEXTS$SYM;
SAVESADDR = CUR$SYM;

END SET$IO$ADDRS;

GET$PREVSOCCURS sPROC ADDRESSS
TEMPSPTR = CUR$SYM + STARTNAME + GET$P$LENGTE-
RETURN TEMPSADDR;

END GET$PREV$OCCURS

PROCESS $0CCURS : PROC ;
TEMPSPTR = NEXTSSTM; g
NEXTSSYM = NEXTSSYM + 35
TEMP$ADDR = OCCURS$PTR; /*SET PTR TO PREVIOUS OCCURS®/
CALL ORSTYPE(OCCURSSTYPE);

TEMPSPTR = TEMPSPTR + 2;
TEMPSBYTE = D$CNT; i

END PROCESS$OCCURS N
/* ® % * PARSER DECLARATIONS * * % =/ ;

T gl TR R, G 3 ST N W K2 AT e pameas st

DCL

COMPILING BYTE INITIAL(TRUE),
BOLDS$LIT(ACCOMSLENSPS1) BYTE,

HOLD$STM ADDRESS,

ID4STACK(10) ADDRESS INITIAL(Q),
ID$STACKSPTR BYTE INITIAL(G),

INT LIT ‘67°, /* INITIALIZE */
(1,3,K) BYTE,

MP BYTE,

MPP1 BYTE,

NOLOOK BYTE INITIAL(TRUE), |
REDEY BITE INITIAL(PALSE),
REDEPSONE ADDRESS,

REDEPSTVO ADDRIESS,
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PENDINGSLITERAL BYTE
PENDINGSLITSID ADDRESS,
PSTACKSI2E LIT

SCD LIT

SP BYTE
STATE BYTE
STATESTACK(PSTACKSIZE) BYTE,
TEMPSHOLD ADDRESS,
TEMPSTVO ADDRESS,
TRUNCSPLAG BYTE
VALUE(PSTACKSIZE) ADDRESS,
YALUESFLAG RYTE
VALUERSLEVEL BYTE
YARC(51) BYTE;

/* * * =% PARSER ROUTINES

BYTE$OUT: PROC(ONESBYTE);

END

DCL ONESBYTE BYTE;
IF NOSCODE THEN RETURN;

INITIAL(FALSE),

‘40°, /* SIZE OF STACKS »/
‘?78°, /* CODE START */
INITIAL(255),
INITIAL(STARTS),

/¥ SAVED STATES */

INITIAL(TRUE),

/* TEMP VALUES */
INITIAL&PALSE).
INITIAL(Q),

/*TEMP CHAR STORE*/

* %x % *x %/

I? (OUTPUTS$PTR := OUTPUTSPTR + 1) > OUTPUTSEND THEN

DO

CALL WRITESOUTPUT( .OUTPUT$BUFF, .OUTPUTSFCR);
OUTPUT$PTR=.0UTPUT$BUFF;

END;
OUTPUTS$CHAR = ONES$BYTE;
BYTES$OUTS

STRINGSOUT: PROC (ADDR,COUNT);
DCL (ADDR,I,COUNT) ADDRESS, CHAR BASED ADDR BYTE;

END

DO I = 1 TO COUNT;
CALL BYTES$OUT(CHAR);
ADDR = ADDR+1;

ENDS

STRINGSOUT;

ADDR$OUT: PROC(ADDR);

DCL ADDR ADDRESS;

CALL BYTESOUT(LOW(ADDR));
CALL BYTESOUT(HIGH(ADIR));
ADDRS$OUTS

PILLYSTRING: PROC(COUNT,CHAR);
DCL (I,COUNT) ADDRESS, CHAR BYTE;

IND

DOI =1 TO COUNT;

CALL BYTE$OUT(CHAR)S
END3
PILLSSTRINGS

START4INITIALIZE: PROC(ADDR,CNT);

DCL (ADDR,CNT) ADDRESS;
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CALL BYTEOUT(INT)S

CALL ADDR$OUT(ADDR);

CALL ADDRSOUT(CNT); :
END STARTSINITIALIZES [

BUILD$SYMBOL: PROC (LEN);
DCL LEN BYTE, TEMP ADDRESS; 1
TEMP = NEXTS$SYM; d
I? (NEXT4SYM := .SYMBOL(LEN := LEN + DISPLACEMENT)) i
> MAXSMEMORY THEN CALL FATALSERROR(’ST’); g
CALL PILL (TEMP,0,LEN);
END BUILDSSYMBOL;
MATCH: PROC ADDRESS;
/* CHECKS AN IDENTIFIER TO SEE IF IT IS IN TEE SYMBOL q
TABLE. 1IP IT IS PRESENT, CURSSYM IS SET FOR ACCESS. ‘
OTHERVWISE A NEVW ENTRY IS MADE AND THE PRINT NAME '
IS ENTERED. ALL NAMES ARE TRUNCATED TO MAXS$IDSLEN*/
DCL POINT ADDRESS,COLLISION BASED POINT ADDRESS,
(BOLD,1) BYTE;
IP VARC(Q) > MAXSIDSLEN
Boznrnsg VARC(Q) = MAXSIDSLEN; /* TRUNCATE IF REQUIRED */
= 93
DO 1 = 1 TO VARC(@); /* CALCULATE HASE COLE */
'"D‘nonn = HOLD + VARC(I); :
12

POINT = PREE$STORAGE + SEL((HOLD AND HASH$MASK),1);

UISPLAGC = FALSE;

DO POREVER;

I? COLLISION = @ THEN
DO;
UISFLAG = TRUE;
CUR$SYM,COLLISION = NEXT$SYM; ;
CALL BUILDSSYMBOL(VARC(3)): ;
SYMBOL(PSLENGTH) = VARC(Q); ‘
DO I = 1 TO VARC(@); i
D SYMBOL(STARTSNAME + 1) = VARC(I); ;
’

RETURN CURS$SYM;

ARG E L .
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CUR$SYM = COLLISION;
I? (BOLD.:= GET$PSLENGTH) = VARC(€) THEN
DO
1 =13
DO VHILE
SYMBOL(STARTSNAME + I) = VARC(I):
I? (I =1 + 1) > HOLD THEN
RETURN (CUR$SYM := COLLISION);
END3
EIND;
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END;
108 POINT = COLLISION;
. END;
END MATCH;

g ALLOCATE: PROC(BYTES$REQ) ADDRESS;
g DCL (HOLD ,BYTES$REQ) ADDRESS;
2 HOLD = NEXTS$AVAILABLE;
< IF (NEXT$AVAILAPLE := NEXT$AVAILABLE + BYTES$REQ)
> MAX$INT$MEM THEN
CALL PATALS$ERROR(’MO”);
RETURN HOLD;
END ALLOCATES

3 DIGIT: PROC(CHAR) BYTE;

E DCL CHAR BYTE; .
5 RETURN (CEAR <= “9°) AND (CHAR >= “2°);
END DIGIT;

SET$REDEF: PROC (OLD,NEVW);
DCL (OLD,NEW) ADDRESS;
REDEFSONE = OLD;
REDEFSTWO = NEWS
REDEF = TRUE;

END SETSREDEF;

SET$CURSSTM: PROCS

CUR$SYM = ID$STACK(ID$STACK$PIR)S
END SET$CURSSTIM;

STACK$LEVEL: PROC BYTE;
CALL SET$CURSSYM; ;
RETURN GET$LEVEL; :

END STACK$LEVEL;

LOADS$LEVEL: PROC;
DCL HOLD ADDRESS:

LOADSREDEF$ADDR: PROC;
CUR$SYM = REDEFSONE;
HOLD = GET$ADDRESS;
END LOADSREDEF$ADDR}

I¥ IDSSTACK(@) <> @ THIN
D0}
" T VALUE(SP - 2) = @ THEN
03
CALL SET$CURSSYM;
HOLD = GET$SSLENGTH + GETSADDRESS:

END}
ELSE

- —eon PN AT g T 1, Y, T X
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IF FILESSECSEND THEN
DO;
IF IDSSTACK (IDSSTACKSPTR) <> REDEFS$ONE
THEN
DO;
CALL PRINTSERROR(‘R1°);
REDEFSONE = ID$STACK(IDSSTACKSPTR);
END;
END;
CALL LOADSREDEF$ADDR;
END;
Iy (Igssrncxsprn := IDSSTACKSPTR + 1) > & THEN
DO;
CALL PRINTSERROR(“EL’);
ID$STACESPTR = 93

END}
END3

ELSE HOLD = NEXTSAVAILABLE;

CURS$SYM,IDSSTACK(IDSSTACKSPTR) = VALUE(MPP1);

IF (CURSSYMCDOCCURSSPTR) AND (DSCNT<D>@) THFN
CALL PROCESS4OCCURS;

IF (GETSLEVEL = 1) AND (NOT FILESSECS$END) THEN
CALL SETS$ADDR2(SAVESADDR);

CALL SETS$ADDRESS(HOLD);

END LOADSLEVEL;

REDEFSORSVALUE: PROC;
pcL (OLD,HOLD1,TEMP) ADDRESS,
(CHAR,LVL$NBR) BYTE;
IF REDEF THEN

DO;
I? REDEFS$TWO = CUR$SYM THEN

DO;
BOLD = GET$SS$LENGTH;
LVLSNBR = GETS$LEVEL;
CURSSYM = REDEFSONE;
IF HOLD <> (HOLD1 := GFT$SSLENGTE) THEN

DOj
IF (LVL$NBR = 1)
AND (NOT PILE$SECS$END) THEN
DO3
CUR$SYM = SAVESADDR;}
CALL SETS$TYPE(VARIABLESLENG);
IF HOLD>HOLD1 THEN
CALL SET$SSLENGTH(FOLD);
ELSE
CALL SET$SSLENGTH(EOLD1):
ENDS

IT EOLD > HOLD1 THEN
Do}
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IF LVLSNBR = 1 THEN
TEMP = ALLOCATE(HOLD - HOLD1);
ELSE
DO
CALL PRINTSERROR(‘R2°);
CURSSYM = REDFFS$TVO;
CALL SET$SSLENGTH(HOLLD);
1 END;
END;
END; /* END IF BOLD <> */
END; /* END IF REDEFSTWO = CURSSYM */
END; /* END IF REFEF */
ELSE IF PENDINGSLITERAL = @ THEN RETURN;
i 1P (;§¥D§=G$LIT$ID<>ID$STACK$PTR) OR VALUES$FLAG THEN
URN;
IF PENDINGSLITERAL <> @ THEN
CALL STARTSINITIALIZE(GET$ADDRESS,HOLD :=
GET4SSLENGTH);
IP PENDINGSLITERAL > 2 THEN
DO;
IF PENDINGSLITERAL = 3 THEN CHAR = ‘@°
ELSE IF PENDINGSLITERAL = 4 THEN CHAR
ELSE IF PENDINGSLITERAL = 5 THEN CHAR
5 CALL FILLSSTRING(HOLD,CHAR);
END;
ELSE IF PENDINGSLITERAL = 2 THEN
D03
IF BOLD <= HOLD$LIT(®) THEN
CALL STRINGS$OUT( .HOLDSLIT(1),B0LD);

e o,

?
QUOTE?}

et
’
CALL STRINGS$OUT( .HOLDSLIT(1),HOLLSLIT(@));
CALL FILLSSTRING(HOLD - HOLDSLIT(Q),” ‘);
END;
ENDS
znszngg PENDINGSLITERAL = 1 THEN
’

DCL (H$DEC,K$LENGTH.H.L,L$DEC,L$LENGTB.SIGN.TYPE)
BYTE, TEMP(20) BYTE, ZONE LIT ‘80RH’;

I? ((TYPE := GET$TYPE) < 16 OR (TYPE > 21 THEN
CALL PRINT$ERROR( NV’);

LSLENGTR = GETSLENGTHS

LSDEC = LSLENGTH - GETSDECIMAL;

I? TYPE = 20 THEN L$DEC = LSDEC @ 1}

ASLENGTH = HOLDSLIT(Q);

HSDEC = BHSLENGTE + 1;

SIGN = “+°;

Ir noxn$L1Tg1; = ‘-’ THEN
SIGN = H

DO H =1 TO HSLENGTH?
IF BOLDSLIT(H) = “.° THEN H$DEC = H}
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END;
DOL =0 TO 19;
TEMP(L) = ‘0°
END;
L = L$DEC - 13
B = H$DEC;
DO VWHILE (((L LSLENG:i) AND
((8 BSLENGTH));
TEMP(L) =
END;
L = L$DEC;
H = H$DEC;
DO VWHILE (((L -
((g -
(Honnsnrr
TEMP(L) = HOLDSL
END}
IFP ((H > 1) OR
((E = 1) AND (HOLDSLIT(1) <> SIGN)))
CALL PRINTSERROR(’SL’);
IF SIGN = ‘=" THEN
IF TYPE = 17 THEN
TEMP(@) = TEMP(®) OR ZONE;
ELSE IF TYPE = 18 THEN
TEMP(LSLENGTH) = TEMP(LSLENGTE) OR ZCNE;
I? TYPE = 19 THEN

DO;
IF TEMP(Q) <> ‘@ THEN
CALL PRINTSERROR(’SL’);
TEMP(2) = SIGN;
END;
ELSE IF TYPE = 20 THEN
TEMP(LSLENGTH - 1) = SIGN;
IF TYPE = 21 THEN
D03

< 255) AND

> @) AND

§> SIGN));
1

1)
1)
H)
(

(
IT(H

IF SIGN = “+° THEN
TEMP(LSLENGTH) = ‘@°;
ELSE TEMP(LSLENGTE) = 1'
IF (LSLENGTH MOD 2) THEN
ELSE
DOj

’
L = 0

gazninrrn$our(rnnr(a) - 32H);
= 13
END;
DO WHEILE L < LSLENGTH;
CALL BYTES$OUT(SEL((TEMP(L) ~-
OR (TEMP(L + 1) - 3@QH));
L=1+ 2}
END;
DO I = LSLENGTH / 2 + 2 TO L$LENGTH;
CALL BYTES4OUT(20H):

30H},4)
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END}
END}
BND ELSE CALL STRINGS$OUT(.TEMP,LSLENGTH);
ND3
IF NOT VALUESFLAG THEN PENDINGSLITERAL = 0;
END REDEF$ORSVALUE;

REDUCES$STACK: PROCS
DCL ROLDS$LENGTH ADDRESS:
CALL SET$CURSSYM;
CALL REDEFS$ORSVALUE;
BOLDSLENGTH = GETS$SSLENGTH; .
Ir cgrsrrps > OCCURSSTYPE AND GETSTRLSSIZE <> @ THEEN
03

BOLDS$LENGTH=EOLDSLENGTE * GETSTBLSSIZE;
IF (DSCNT := DSCNT - 1) <> @ TEEN
OCCURS4PTR = GET$PREVSOCCURS;
ELSE OCCURS$PTR = @3 ;
END; 3

ID$STACKSPTR=IDSSTACKS$PTR ~ 1;
CALL SETSCURSSYM;
CALL SET$SSLENGTH(GET4SSLENGTH + HOLDSLENGTH);
CALL ORSTYPE(GROUP);
END REDUCES$STACK;

ENDSOF4RECORD: PROC;
DO WHILE IDSSTACKS$PTR <O 9
CALL SETS$CURSSYM;
CALL REDEFS$ORSVALUE;
IDSSTACK(ILSSTACKSPTR) = 03
5 ID$STACKSPTR = ID$STACKSPTR - 1;
END;
CALL SETS$CURSSIM;
CALL REDEFPSORSVALUE;
ID4STACK(2) = @3
TEMPSBOLD = ALLOCATE(GETS$SSLENGTH);
END ENDSOFSRECORD;

CONVERTSINTEGER: PROCS
DCL INTEGER ADDRESS:
INTEGER = @3
DO I =1 TO VARC(2);
IF NOT DIGIT(VARC(I)) THEN CALL PRINTSERROR( °NN’):
INTEGER = SEL(INTEGER,3) + SHL(INTEGER,1) +
(VARC(I) - “0°);
i ENDS

VALUE(SP) = INTEGER;
END CONVERTSINTEGER;

ORSVALUE: PROC(PTR,ATTRIB);
DCL PTR BYTE, ATTRIB ADDRESS;

B PR
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VALUE(PTR) = VALUE(PTR) OR ATTRIBS
END ORSVALUE;

BUILDS$PCB: PROCS
DCL TEMP ADDRESS;
DCL BUFFER(12) BYTE, gcnnn I1,J) BYTE;
CALL PILL( Burrnn, ,12)3
IF VARC(2) = “:” THEN

o3
BUPFER(®) = VARC(1) AND OFH;
I =2
END;
ELSE
| DO}
‘ BUFFER(2) = 0;
1 =0;
3 END}
i J =13
| DO WEILE (J < 12) AND (I< VARC(@)); |,
IF (CHAR := VARC(I :=1 +1)) = "." THEN J = 9;
ELSE_DO;
BUFFER(J) = CHAR]
J=J+1;
ENL;
END;

CALL SETSADDR2(TEMP := ALLOCATE(165));
CALL STARTSINITIALIZE(TEMP,37):
CALL STRING$CUT(.BUFFER,12);
] CALL FILLSSTRING(25,0);
CALL ORSVALUE(SP - 1,1);
é END BUILDS$FCB;

SET4SIGN: PROC(NUMB);
2 DCL NUMB BYTE:
| IP GETSTYPE = 17 TEEN CALL SETSTYPE(VALUE(SP) + NUMB):
| ELSE CALL PRINTSERROR(’SG’);
3 IF VALUE(SP) <> @ THEN
CALL SETSSSLENGTH(GETSSSLENGTE + 1);
END SET4SIGN;

NUMSTRUNC: PROC;
1 pcL (1,J,TRUNCSTYPE,TRUNCS$2ERO,SIGNS$FLAG,DECSFLAG) BYTE
5 Tnuncsznno = TRUE;
3 SIGNSFLAG ,DECSFLAG = FALSES
gonninxr(a).l = @3

= 13
1? ((TRUNCSTYPE := GETSTYPE) D= 16)

AND (TRUNCSTYPE <= 21) THEN
DO VHILE J <= VARC(Q); ..
IF (VARC(J) <> “+°) AND (VARC(J) < ‘-") THEN
D03
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IP (VARC(J) = “@°) AND TRUNCSZERO THEN J = J
, ELSE IF ((VARC(J) >= “2°) AND (VARC(J) <= ‘9
. OR (VARC(J) = °.”) THEN

DO
IF DECSFLAG AND (VARC(J) = “.°) THEN
CALL PRINTSERROR(’MD’);
ELSE DO;
BOLDSLIT(HOLDSLIT(@) := BOLDSLIT(@) + 1) =
YARC(J);
IF VARC(J) <> ‘@’ THEN TRUNCS$ZFRO = FALSE;
IF VARC(J) = °.° THEN DECS$FLAGC = TRUE;
I=1+1;
END;
END;
ELSE IF ((VARC(J) < “@°) OR (VARC(J) > “9°)) ANT
END (VARC(J) <O °.”) THEN CALL PRINTSERROR(’NN’);
]
ELSE IF SIGNSPLAG THEN CALL PRINTSERROR(’MS’);
ELSE IF (VARC(J) = “+°) OR (VARC(J) = “-~") THEN

D03

IF TRUNCSTIPE = 16 THEN
: CALL PRINT$ERROR(SG’);
i ELSE

DOS

; HOLDSLIT(BOLDSLIT(@) :=
; HOLDSLIT(@) + 1)=VARC(J)3s
f SIGNSFLAG = TRUE;

g 1 =1+13
f
i

END;
END?

J=J + 1;
: END;/* DO WHILE LOOP */
‘ BOLDSLIT(@) = I3
[ IP ((HOLDSLIT(Q) = 1) AND ((WOLDSLIT(1) = “+°
(EOLDSLIT(1) = “="))) OR (EOLD$LIT(e) = ‘@
ROLDSLIT(@),BOLDSLIT(1) = @3
END NUMS$TRUNC;

PICSANALIZER: PROC;
DCL  /* WORK ARFAS AND VARIABLES */
BUFFER(133) BITE,

) OR
*) TEEN

, CEAR BRITE,

] COUNT ADDRESS,

4 DECSCOUNT  BYTE,
DECSFLAG BITE,
DIGITS BYITE,
FLAG BYTE,

FLAGS(3) BITE,
FLOATSPSIT BYTE,
FLOATSVALUE BITE,
I BITE,

3
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TR

J ADDRESS,

. 4 BYTE,

REPITITIONS ADDRESS,

SAVE BYTE,

TEMP ADDRESS,

TYPE BYTE,

/l L . 4 ".ASKS r % t/

ALPEA LIT ‘1°,

ASEDIT LIT 27,

ASN LIT ‘e’

EDIT LIT ‘e’,

NUM LIT ‘16°,

NOMSEDIT LIT °‘32°,

DEC LIT ‘64°,

SIGNED LIT ‘12¢°,

ASESMASK LIT ‘1111110087,
ASNSMASK LIT ‘1110101087,
ASNSESMASK LIT ‘111000003 °,
ALPHASMASK LIT ‘1111111087,
NUMSMASK LIT ‘10101111387,
NUMSEDSMASK LIT ‘1000010138 °,
SSNUMSMASK LIT ‘001011118°,
/* TYPES */

ATYPE LiT ‘s
AETYPF LIT ‘72
ANTYPE LIT ‘9
ANETYPE LIT ‘72°,
NTYPE LIT ‘16°,
NETYPE LIT ‘80°,
SNTYPE LIT “17°;

INCSCOUNT: PROC(SWITCH);
DCL SVITCH BYTE;
FLAG = FLAG OR SWITCH:
IF (COUNT := COUNT + 1) < 133 THEN
BUFFER(COUNT) = CHAR;
END INCSCOUNT;

CEECK: PROC (MASK) BYTE;

DCL MASK BYTEj

RETURN NOT ((FLAG AND MASK) <O 8);
END CHECK;

PICSALLOCATE: PROC(AMT) ADDRESS;
DCL AMT ADDRESS;
IP (MAXSINTSMEM = MAXSINTSMEM - AMT)
¢ NEXTSAVAILARLE THEN CALL FATALSERROR (°MO°);
RETURN MAXSINTSMEM;
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END PICSALLOCATES

SIGN: PROC(CHAR) BYTE;

DCL CBAR BYTE;

RETURN (CHAR = “+°) OR (CHAR = “=’);
END SIGN;

FLOAT$CHECK: PROC(I):
DCL I BYTE;
IF PLOATSVALUE = @ AND FLAGS(I) THEN
FLOATS$VALUE = CHAR?}
IF CHAR <O FLOATS$VALUE AND PLAGS(I) TEEN
CALL PRINTSERROR(“P1°)3
IF FLAGS(I) TEHEN
DO?
FLOATSPSIT = COUNT + 13
TIGITS = DIGITS + 13
ENDS
ELSE
FLAGS(I) = TRUES
CALL INCS$COUNT(NUMSEDIT);
END FLOATS$CHECKS

/* PROCECURE EXECUTION STARTS EERE */

CURSSYM = HOLDSSYM;

IF (GETSLEVEL = VALUESLEVEL) THEN VALUESFLAG
DECSFLAG,FLAGS(0),FLAGS(1) = PALSE;

FLAGS(2) = TRUE:

COUNT ,DEC4COUNT,DIGITS,FLAG,FLOATSVALUE,TYPE
/* CHECK FOR EXCESSIVE LENGTH */

IF VARC(@) > 30 THEN

I H
CALL PRINTSERROR(PC’);
RETURN;
END;
/* SET FLAG BITS AND COUNT LENGTH */
1 =13
DO WRILE I <= VARC(9);
IF (CHAR := VARC(I)) = “A” THEN
CALL INCSCOUNT(ALPHA);
ELSE IF CEAR = ‘B’ THEN CALL INCSCOUNT(ASEDIT);
ELSE IF CBAR = ‘9’ THEN
DO;
DIGITS = DIGITS + 1}
- CALL INCSCOUNT(NUM);
END;
ELSE IF CEAR = “X° THEN CALL INCSCOUNT{ASN);
ELSE IF (CHAR = °S”) AND (COUNT=@) THEN
PLAG = PLAG OR SIGNED;
ELSE IF (CHAR = “V°) AND (DECSCOUNT=Q) TREN

FALSES
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L0}
FLAG = FLAG OR DEC;
DECSCOUNT = COUNT;
DECSFLAG = TRUE;
END;
ELSE IF(CHAR = “/°) OR (CHAR="G°) TEEN
CALL INC$COUNT(ELIT)j;
ELSE IP CBAR = “$° THEN CALL FLOATSCHTCK(2);
ELSE IF SIGN(CHAR) THEN CALL FLOAT§CHECK( 1)
ELSE IF (CEAR = “*°) OR (CHAR = TESN
CALL FLOATSCHECK(2);
ELSE IF CHAR = °,° THEN CALL INCSCOUNT(NUMSEDIT);
ELSE IF (CBEAR = “,°) AND (DECSCOUNT=0) TEEN

DO;
CALL INCSCOUNT(NUMSEDIT);
DECSCOUNT = COUNT;
DECS$FLAG = TRUE;
END;
ELSE IF ((CEAR = “C’ AND VARC(I + 1)="R’) OR
(CHAR = ‘D’ AND VARC(I + 1)="B°)) AND
I = gggc(a) - 1 AND NOT FLAGS(1) TWEN
2 13
] CALL INCS$COUNT(NUMSEDIT);
CHAR = VARC(I:=I + .);
CALL INCSCOUNT(NUMSEDIT):
IF ugg.nncsrLAc THEN
?
DECSCOUNT = VARC(2) - 13
DECSFLAG = TRUE;
END;

T R T T e T AT

END;
ELSE IP (CHAR = “(°) AND (COUNT<>@) TEEN

DO;
SAVE = VARC(I - 1);
REPITITIONS = 0;
DO WHILE (CHAR := VARC(I :=1 + 1)) < ")";
IF CEAR < “0° OR CHAR > “9° THEN
CALL PRINTSERROR(‘P2°);
REPITITIONS = SEL(REPITITIONS,3) +
SEL(REPITITIONS,1) + (CHAR =~ “©°);
END;
CHAR = SAVE;
1F n;gxr:r:ons <> 0 THEN
1
DO J = 1 TO REPITITIONS -~ 1;
CALL INCS$COUNT(2);
END;
IF SIGN(SAVE) OR SAVE = “$°
OR SAVE = “2° OR SAVE = “9°
OR SAVE = =’ THEN
DIGITS = DICITS + REPITITIONS - 1;
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END;
‘ ELSE
P COUNT = COUNT - 1;
- END}
! ELSE DO3
B CALL PRINTSERROR(P3’);
: RETURN;
END;
I=14+1;

END; /* END OF DO WHILE I <= VARC */
IF NOT DECSFLAG AND SIGN(VARC(I - 1)) THEN
DO}
DECSCOUNT = VARC(@);
DECSFLAG = TRUE;

e Ry SRR MR WG ST ChAE SN b R MR TV

END;
/* AT THIS POINT THE TYPE CAN BE DETERMINED ¥/
IF CHECK(NUMS$MASK) THEN TYPE = NTYPE;
ELSE IF CHECK(SNUM$MASX) THEN TYPE = SNTYPE; :
ELSE IF CHECK(ALPHASMASKX) TEEN TYPE = ATYPE: d
ELSE IF CEECK(ASESMASK) THEN TYPE = AETYPE;
ELSE IF¥ CHECK(ASNSMASK) TEBEN TYPE = ANTYPE;

ELSE IF CHECK(ASNSESMASK) AND (((FLAG AND @€E) <> 0)
OR ((PLAGC AND 098) <O @) OR ((PLAG AND 12H) <O 9))
THEN TYPE = ANETYPE;
anzngr CEECK(NUMSEDSMASK) THEN
?
TYPE = NFTYPE;
IP FLOATSVALUE <> @ THEN
DO}
I =1;
TO WHILE VARC(I) <> FLOATSVALUE;
I =1+ 13
END;
PO I =1 + 1 TO FLOATSPSIT; ;
IF VARC(I) <> FLOATSVALUE AND :
VARC(I) <> “B° AND '
VARC(I) < ‘/° AND
VARC(I) <> “@° AND
VARC(%) <O ‘%, THEN
(WH
CALL PRINTSERROR( P47);
I = FLOATSPSIT;
END;

IR £ -

END;
END;
END;

IP TYPE = @ THEN CALL PRINTS$ERROR(‘P%°);

ELSE DOj
IP (GETS$TYPE = 128) TEEN
CALL SETSTYPE(128 + TYPE);
ELSE CALL SETSTYPE(TYPE)S

-
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CALL SETSSLENGTH(COUNT + GETS$SSLENGTE)S
IF (TYPE AND 64) <O 2 THEN
DO}
CALL SETSADDR2(TEMP :=
PICSALLOCATE(COUNT));
CALL STARTSINITIALIZE(TEMP,COUNT
) CALL STRINGSOUT(.BUFFER + 1,COUN
END;
IF DIGITS > 18 THEN
CALL PRINTSERROR(’P6°);
IP DECSFLAG THEN
ENDS CALL SETS$DECIMAL(COUNT - DECS$COUNT);
’

IF (NOT TRUNCS$FLAG) AND ((TYPE = 16) OR (TYPE = 17)) THEN

DO;

DO K = 9 TO HOLDSLIT(@)}
VARC(K) = HOLDSLIT(K);

END;
CALL NUMSTRONC;
TRUNCSFLAG = TRUE?

END;

END PICSANALIZER;

SET$FILESATTRIB: PROCS
DCL TEMP ADDRESS, TYPE BYTE;
IF CUR$SYM <> VALUE(MPP1) THEN

DO}
TEMP = CURSSYM;
CURSSYM = VALUE(MPP1);
SYMBOLSADDR(RELSID) = TEMP;
END;
IF NOT (TEMP := VALUE(SP - 1)) THEN
CALL PRINTSERROR( ‘NF’);

ELSE DO;
17 (TEMP = 1) OR (TEMP=5) THEN TYPE=SFQUENTIAL;

ELSE IF TEMP = 15 THEN TYPE=RANDOM;
ELSE IF TEMP = 13 THEN TYPE=SEQSRELATIVE;

ELSE DOj
CALL PRINTSERROR(IA’);
TYPE = 13

ENDS
END;

CALL SETS$TYPE(TYPE + URSMASK);
END SETSPILESATTRIBS

LOADSLITERAL: PROC(LITSONE)S
DCL (I,LIT$ONE,LIT$TYPE) BYTE;

LIT$TYPE = GET$TYPE;
IP LITSTYPE <> @ THEN VALUE$FLAG = FALSE;

ELSE DO}
VALUESFLAG = TRUES

)}
T)3
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? VALUBSLEVEL = GET$LEVEL;

] END; 1
| IF PENDINGSLITERAL <> @ THEN CALL PRINTSERROR (°LE’); i
ELSE IF (LITSONE = @) OR (LITSTYPE = @) THEN
DO}

» DO I = @ TO VARC(9)3
] BOLDSLIT(I) = VARC(I);
ENDS
IF (LITSONE = 1) AND (LITSTYPE = @) THEN
TRUNCSFLAG = FALSE;
END;

ELSE IF (LITSONE = 1) AND ((LITSTYPE >= 16) AND

(LITSTYPE <= 21)) THEN

CALL NUMSTRUNC;
ELSE IF (ergguz = 1) AND (LITSTYPE <> @) THEN
’

' CALL PRINTSERROR(’LV‘); .
» DO I =@ TO VARC(2); !
J BOLDS$LIT(I) = VARC(1);
f END;

PENDINGSLITERAL = 23
END;
END LOADSLITERALS

REDEFSTEST: PROC;
DCL SAVESREDEF BYTE,
(SAVESREDEFS$ONE ,SAVESRFDEFSTWO) ADDRESSS
SAVESREDEFSONE = REDEF$ONE;
SAVESREDEFPSTWO = REDEFS$STWO;
REDEFSONE = CURSSYM;
CALL SETS$CURS$SYM; .
IF (GETSTYPE > OCCURSSTYPE) AND (GET$TBLSSIZE <> @) THEN ;
IF (DSCNT := DSCNT - 1) <O @ THEN {
OCCURSSPTR = GET$PREVSOCCURS; ;
ELSE OCCURSSPTR = @; ;
REDEFPSTVWO = CURSSYM;
SAVESREDE? = REDEF;
REDEF = TRUF;
CALL REDEFSORSVALUE;
IDSSTACK(ILSSTACKSPTR) = @3
ID$STACKSPTR = IDSSTACKSPTIR - 13
REDEFSONE = SAVESREDEFSONE;
REDEFSTVWO = SAVESREDEFSTVWOS
REDEF = SAVESREDEF;
END REDEFSTEST:

CHECKSLVLSFILES: PROC;
DCL NIWSLEVEL BYTE;
HOLD4$SYM,CURSSYM = VALUE(MP - 1);
CALL SETSLEVEL(NEWSLEVEL := VALUE(MP - 2));
I? NEWSLEVEL = 1 THEN

TR I AR b, F NG DR
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0;
IF ID$STACK(®) <> @ THEN
103
DO WEILE STACKSLEVEL > 1}
CALL REDUCESSTACKS
END;
DO WEILE ID$STACKSPTR <> 03
CALL SETSCURSSYM;
CALL REDEPSORSVALUE;
ID$STACK (IDSSTACKSPTR) = @3
IDSSTACKSPTR = IDSSTACKSPTR - 1;
END;
CURSSYM = ROLD$SYN;
CALL SETSREDEF(IDSSTACK(),VALUF(MP - 1))3
VALUE(MP) = 15 /% SET REDEFINE FLAG */

END; H
END; £
ELSE DO WHILE STACKSLEVEL >= NEWSLEVEL; :
NSALL REDUCESSTACKS ;

END¢

END CHECKSLVLSFILESS

CHECKSLVL$WORK: PROCS
DCL NEWSLEVEL BYTE,
SAVE$SYMSLVL  BYTE,
STACKSREDUCED BYTE,

SR TR s

! SAVESREDEF BYTE,
REDEFS$FLAG BYTE, /*NXT LVL IS A REDEFINES*/
SAVES$SYM ADDRESS?

T T PR SET AN Y m) -

e s A L (-

: SET4VALUESCLAUSE: PROCS
; SAVESREDEF = RELEF;
: REDEF = PALSE;

CALL SETSCURSSIM;

: CALL REDEFS$ORSVALUE;

: RED®F = SAVESREDEPF;
CURSSYM = HOLDSSYM;

END SETSVALUESCLAUSE;

, TRUNCSPLAG = TRUE;
3 STACKSREDUCED = PALSE;
; HOLD$STM,CURSSYM = VALUE(MP - 1);
CALL SETSLEVEL(NEWSLEVEL := VALUE(MP - 2));
REDEPSFLAG = VALUE(MP); /*SET IN PROD #E4*/
xrnggwsxzvzn = 1 OR NEWSLEVEL = 77 THEN
1]
IF STACKSLEVEL = 7?7 THEN
CALL END$OP$RECORD;
ELSE
D03
DO WEILE STACKSLEVEL > 1
{ .

e TR — ot w1
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AND IDSSTACK(ID$STACKSPTR) < 03
SAVES$SYM,CURSSYM = IDSSTACK(IDSSTACKSPTR - 1);
SAVESSYMSLVL = GETS$LEVFL;

IF SAVESSYMSLVL = STACKSLEVEL THEN

DO;

CURSSYM = SAVESSTYM;

CALL REDEPSTEST;

END;

Engg IF STACKSLEVEL > 1 THEN
4
CALL REDUCES$STACK;
IF VALUESFLAG
AND (VALUBSLEVEL = STACKS$LEVEL) THEN
DO;
VALUESFLAG = FALSE;
CALL SETS$VALUESCLAUSE;
END;
END;
END;/* DO WHILE LOOP */
IP STACKSLEVEL = 1 AND IDSSTACESPTR <> @ TWEN
DO;
CURSSYM = ID$STACK(IDSSTACKSPTR - 1);
CALL REDEFS$TEST;
END;
IP REDEFSFLAC = @
AND IDSSTACK(IDSSTACKSPTR) <> @ THEN
DO;
CALL END$OFSRECORD;
REDEF = FALSE;
; END;
3 IP (REDEFSFLAG = 1)
AND (IDSSTACK(IDSSTACKSPTR) = REDFFSONE)
‘D THEN CALL SET$VALUEBSCLAUSES
END;

END;
ELSE IF STACKLEVEL = 77 THEN CALL PRINTSERROR(‘L7°);
Eng IP STACKSLFVEL >= NEWSLEVEL THEN
?
IF (STACKS$LEVEL = NEWSLEVEL) AND (REDEF$FLAG = 1) AND
(IDSSTACK(IDSSTACKSPTR) = REDEFSONE) THEN
CALL SETS$VALUERSCLAUSE;
DO WHILE NOT STACKS$REDUCEY;
SAVE$SIM,CORSSYM = IDS$STACK(ID$STACKSPTR - 1);
SAVESSYMSLVL = GETSLEVEL;
Irpggvzssrnszvz = STACKSLEVEL THEN
?

CUR$SYM = SAVESSYM;
CALL REDEFSTEST;
END;
ELSE IT (STACKSLEVEL >= NEWSLEVEL)
AND (REDEFS$FLAG = @) TEEN
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DO;
CALL REDUCES$STACK;
IF VALUESFLAG AND (VALUFSLEVEL = STACK4LEVFL)
AND (VALUESLEVEL = NEWSLEVEL) THEN
DO;
VALUESFLAG = FALSE;
CALL SETSVALUES$CLAUSE:
END;
IF STACKSLEVELSNEWSLEVEL THEN
D STACKSREDUCED = TRUE;
END;

ELSE IF (STACKSLEVEL >= NEWSLEVEL)
AND (REDEFSFLAG = 1) THEN
DO;
I¥? STACKSLEVELONEWSLYVEL THEN
CALL REDUCES$STACK;
I¥P VALUESFLAG
AND (VALUESLEVEL = STACKSLEVEL) TEEN
DO;
VALUESFLAG = FALSE;
CALL SET$VALUESCLAUSE;
ENT;
IF STACKSLEVEL <= NEWSLEVEL THEN
STACKSREDUCED = TRUE;
END;
%un: /* DO WEILE LOOP */
END}
CURSSYM = BOLDSSYM;
END CHECKSLVLSWORK;

CODESGEN: PROC(PRODUCTION);
DCL PRODUCTION BYTE,
LIT$TYPE  BYTE;
IF PRINTS$PROD THEN
DOj
CALL CRLF;
CALL PRINTCHAR(POUND);
> CALL PRINTSNUMBER(PRODUCTION);
END}

DO CASE PRODUCTION;S
/* PRODUCTTIONS *

/* CASE @ NOT USED */
’
/* 1 <PROGRAM> ::= (ID - DIV> <E - TIV> KD -~ DIV> =/
/* 203 1 PROCEDURE */
1}

COMPILING = FALSE;
CALL DISPLAYSLINE;
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-e

END?

-e -0 -e - -9

-e

DEBUGGING = TRUES

3
?

-e

14
/*

15 -

<ID - DIVD ::= IDENTIFICATION DIVISION .
PROGRAM-ID .
{COMMENT> . <ID-LIST>
NO ACTION REQUIRED */
CID=LISTY> ::= <AUTHD <INS> <DATE) <SEC>
NO ACTION REQUIRED */
CAUTH) ::= AUTHOR . <{COMMENTD> .
NO ACTION REQUIREL */
\! <EMPTY>
NO ACTION REQUIRED */
CINS) ::= INSTALLATION . <COMMENT> .
NO ACTION REQUIRED */
\! <EMPTY>
NO ACTION REQUIRED */
CDATED> ::= DAT® -~ WRITTEN . <COMMENT> .
NO ACTION REQUIRED */
\! <EMPTYD>
NO ACTION REGUIRED */
CSECY> ::= SECURITY . <COMMENT)> .
NO ACTION REQUIRED */
\! <EMPTY>
NO ACTION REQUIRED */
COMMENT> ::= <{INPUTD>
NO ACTION REQUIRED */
\! <COMMENT> <INPUT)>
NO ACTION REQUIRED */
<E - DIV> ::= ENVIRONMENT DIVISION .
CONFIGURATION SECTION .
<SRC = OBJ> <1 ~ O>
NO ACTION REQUIRED */
\! <EMPTY>

/* NO ACTION REQUIRED */

16

16
/*
17

18
/*
19
19
/*
20
/*
21
/*
22
22
/"

{SRC -~ OBJ> ::= SOURCE ~ COMPUTER . <COMMENT>

<DEBUG> .

OBJECT - COMPUTER . <COMMENT> .

NO ACTION REQUIRED */
<DEBUG> ::= DEBUGGING MODE
/* SETS A SCANNER TCGGLE */
\! <EMPTYD> '
NO ACTION REQUIRED */

<I=0> ::= INPUT-OUTPUT SECTION . FILE-CONTROL

o KFILE -~ CONTROL - LIST> <IC>
NO ACTION REQUIRED */
\1 <EMPTYD
NO ACTION REQUIRED */
<FILE~CONTROL-LIST> ::= KFILE~CONTROL-ENTRY>

NO ACTION REQUIRED */
\! <{FILE-CONTROL-LIST>
<FILE-CONTROL-ENTRY>

NO ACTION REQUIRED */
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/*
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/*®
/*

/* -

/*
/*
/%

23 CFILE-CONTROL-ENTRY)> ::= SELECT <ID> ®/
{ATTRIBUTE-LISTD . x/
CALL SETSFILESATTRIE;
24  <ATTRIBUTE-LIST) ::= <ONE-ATTRIB> ®/
H /* NO ACTION REQUIRED */
25 \! <ATTRIBUTE-LIST> *®/
<ONE=-ATTRIBD> ®/
VALUE(MP) = VALUE(SP) OR VALUE(MP);
26 <CONE-ATTRIBD ::= ORGANIZATION <ORG-TYPED */
VALUE(MP) = VALUE(SP);
27 \! ACCESS <ACC-TYPE> <RELATIVED */
VALUE(MP) = VALUE(MPP1) OR VALUE(SP);
28 \! ASSIGN <INPUTD %/
CALL BUILDSFCB;
29 <ORG-TYPED ::= SEQUENTIAL */
H /* NO ACTION REQUIRED ~ DEFAULT */
390 \! RELATIVE %/
CALL ORSVALUE(SP,4);
31 \! INDEXED */
CALL PRINTSERROR('NI‘);
22  <ACC-TYPE) ::= SEQUENTIAL */
; /% NO ACTION REQUIRED - DFFAULT */
- 33 \! RANDOM ®*/
CALL ORSVALUE(SP,2);
34  <RELATIVE) ::= RELATIVE <IDD %/
i H
CALL ORSVALUE(MP,8):
CURSYM = VALUE(SP);
CALL SETSTYPE(RELSKEYSUR);
END;
3s \! <{EMPTY> */
3 /% NO ACTION REQUIRED - DEFAULT */
36 <KIC> ::= I-0-CONTROL . <SAME-LIST> %/
; /* NO ACTION REQUIRED */
37 \! <EMPTY> %/
; /* NO ACTION REQUIRED */
28 (SAME - LIST) ::= {SAME - FLEMENT> %/
H /* NO ACTION REQUIRED =/
39 \! {SAME - LIST> <SAME - ELEMENT)>*/
H /¥ NC ACTION REQUIRED */
40 {SAME-ELEMENT) ::= SAME <ID-STRINGD . */
; /* NO ACTION REQUIRED */
41 <{ID=STRINGD ::= <IDD ®/
; /* NO ACTION REQUIRED =/
42 \! <ID-STRING)> <ID> */
; /* NO ACTION PEQUIRED */
43 <D-DIV> ::= DATA DIVISION . <FILE-SFCTIOND =/
<WORK> x®/
43 SLINKD */
H /* NO ACTION REQUIRED =/
44  <(FILE-SECTIOND> ::= FILE SECTION . <FILE-LIST> =/
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/*
/*
/¥

/*
V.

/*
/*
/%
/*
/*
/*
/%
/%
/*
/*
/*

Vi
/*

FILESSECSEND = TRUE;

45 \! <EMPTY>
FILESSECSEND = TRUE:

46 <PILE-LIST> ::= <FILESD
’ /® NO ACTION REQUIRED */

47 \! <FILE-LIST> <FILES>
H /* NO ACTION REQUIRED */

46 KFILES> ::= FD <ID> <FILE-CONTROLD> .
Do 48 <RECORD-DESCRIPTION>

’

DO WERILE STACKSLEVEL > 1}
CALL REDUCES$STACK;
END3
CALL ENDSOF$RECORD;
REDEF = FALSE;
END3
49 <FILE-CONTROL> ::= <FILE-LIST>
CALL SET$IOSADIRS;
&0 \! <EMPTY>
CALL SETSIOSADDRS;
51 {FILE-LIST> ::= {FILE-ELEMENTD>
’ /* NO ACTION REQUIRED */
- 52 \! <FILE-LIST> <FILE-ELEMENT)
' /* NO ACTION REQUIRED */
83 CPILE-ELEMENT)> ::= BLOCK <INTEGFRD> RECORDS
? /¥ NO ACTION REQUIRED - FILES NEVFR RLOCKED */

54 \! RECORD <REC-COUNT>
CALL SET$SLENGTB(VALUE(SP));

55 \! LAREL RECORDS STANDARD
’ /* NO ACTION REQUIRED*/

86 \! LABEL RECCRDS OMITTED
’ /* NO ACTION REQUIRED*/

87 \! VALUE OF <ID - STRING>

i /® NO ACTION REQUIRED */
58 <REC-COUNT> ::= CINTEGERD
’ /% NO ACTION REQUIRED - VALUE(SP) CORRECT */
5 &9 \! <INTEGER> TO <INTEGER>
03

VALUE(MP) = VALUE(SP); /* VARIABLE LENGTE */
Cﬁ%L SETSTYPE(VARIABLESLENG); /¥ SET TO VARIABLE */
END;
60 <WORX> ::= WORKING-STORAGE SECTION .
60 <RECORD~-DESCRIPTIOND
DO

IFDS?ACK$LEVEL<>77 THEN
¥
DO WHILE STACKSLEVEL > 1;
CURSSYM = IDSSTACK(IDS$STACKSPTR - 1)}
IP GETSLEVEL = STACKS$LEVFL THEN
CALL REDEFSTEST;
ELSE IF STACKSLEVEL > 1 THEN
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5 CALL REDUCESSTACKS 7

END;

IFDS?A0K$LEVEL = 1 AND IDSSTACKSPTIR <> @ THEN
’

CUR$SYM = IDSSTACK(IDSSTACKSPTR - 1)3 i
IF REDEF THEN CALL RETLEFSTEST;

END;
END; ‘
CALL ENDSOF$RECORD; -
END; 1
/% 61 \! <EMPTYD %/
: /* NO ACTION REQUIRED */ f
/* 62 <LINED ::= LINKAGE SECTION . */
/* 62 <RECORD-DFSCRIPTIOND */ '
; /% NO ACTION REQUIRED */
/* 63 \! <EMPTYD */
; /* NO ACTION REQUIRED */
/% 64 <RECORD-DESCRIPTION> ::= <LEVEL-ENTRYD */
; /* NO ACTION REQUIRED */
/% 65 \! <PECORD-DESCRIPTION> */
/* 65 <LEVEL-ENTRY> */
; /* NO ACTION REQUIRED*/
/" 66 <LEVEL-ENTRY) ::= <INTEGERD <DATA-IDD */
/% o 66 <REDEFINESD> <DATA-TYPE> . %/
?

CALL LOADSLEVEL;
I¥ (PENDINGSLITERAL <> @) AND (NOT VALUESFLAG) THEN
PENDINGSLITSID = IDSSTACK$PTIR;
END3

/% 67 <DATA-IDD ::= IDD ®/
I® NOT UISFLAG THEN
i H
IF GET$TYPE = RELSKEY$UR THEN
CALL SETSTYPE(RELSKEY);
ELSE
CALL PRINTS$ERROR(’DD’);
END;
/* 68 \! FILLER */

Po;
CUR$SYM, VALUE(SP) = NEXT$SIM;
CALL BUILD$SYMBOL(Q);
END3
/* €9  <REDEFINES> ::= REDEFINES <ID> */

Do;
IF UISFLAG THEN
CALL PRINTSERROR(’UD’);
CALL SET$REDEF(VALUE(SP),VALUE(SP - 2));
VALUE(MP) = 1; /* SET REDEFINE FLAG ON */
1P NOT FILESSECSEND THEN
CALL PRINTSERROR("R3’);
CALL CHECKSLVLSWORK}
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/*
/*
/*
/*
Vi
/*
Vid
/%
/*
/*
/*

/*

/%
/*

/*
Vid

/*

END}S
70 \! <EMPTYD>
DO}
IP NOT FILESSECSEND THEN
CALL CHEECKSLVLSFILES;
ELSE CALL CHECKSLVLSWORK;
END3
71 <DATA-TYPE> ::= <{PROP-LIST>
’ /* NO ACTION REQUIRED */
72 \! <EMPTY>
’ /¥ NO ACTICN REQUIRED */
73 <PROP-LIST)> ::= {CATA-FLEMENT>
H /* NO ACTION REQUIRED */
74 \! <PROP-LIST> <DATA-FLEMENT>
i /* NO ACTION REQUIRED */
78  <DATA-ELEMENT> ::= PIC <INPUT>
CALL PICSANALIZERS

76 \! USAGE COMP
' /% NO ACTION REQUIRED-NOT IMPLEMENTED */
77 \! USAGE COMP-3
CALL SETS$TYPE(CONMP);
78 \! USAGE COMPUTATIONAL
H /* NO ACTION REQUIRED~NOTIMPLEMENTED */
79 \! USAGE DISPLAY
i /* NO ACTION REQUIRED - DEFAULT */
8o \! SIGN LEADING <SEPARATE>
CALL SET$SIGN(17?);
81 \! SIGN TRAILING <SEPARATE>
CALL SETS$SIGN(18)3
82 \! OCCURS <INTEGER> INTFXED
g2 <ID>
’ /¥ NO ACTION ACTION REQUIRED-NOT IMPLEMFNTED */
D0S &3 \! OCCURS <INTEGER>
’
CALL SETSTBLS$SIZE(VALUE(SP));
DSCNT = CSCNT + 13
CALL PROCESS$OCCURS;
OCCURSSPTR = CURSSYM;
IF (TEMP$TWO := GETSLEVEL)=1 OR TEMPS$TWO=?7 THEN
\D CALL PRINTS$ERROR(°OL’);
END}
84 \! SYNC <DIRECTION>

’ /* NO ACTION REQUIRED - BYTE MACHINE */
85 \! VALUE <LITFRALD>
IFDg?T FILESSECSEND THEN

¥
CALL PRINTS$ERROR(’VE’);
PENDINGSLITERAL = 23
END;
86 <DIRECTIOND ::= LEFT
; /* NO ACTION REQUIRED =/
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/* 87 \! RIGHT */
i /® NO ACTION REQUIRED */

/* gg \! <EMPTYD> ./
’ /* NO ACTION REQUIRED */

/* 89  <SEPARATE) ::= SEPARATE */
VALUE(SP) = 2;

/* 90 \! <EMPTYD */
’ /* NO ACTION REQUIRED */

/™ L 91  <LITERAL> ::= CINPUT) */

03

I? ((LITSTYPE := GET$TYPE) < 16) OR
égIT$T1PE > 21) THEN
?
CALL PRINTSERROR(‘NV’);
CALL LOADSLITERAL(Q);
PENDINGSLITERAL = 23
END3
FLSE DO;
CALL LOADSLITERAL(1);
PENDINGSLITERAL = 13

END;
ENDJ
- 92 \1 <LIT> */
DOj

CALL LOADSLITERAL(Q);
PENDINGSLITERAL = 27
END3
/* 93 \! ZERO */
PENDINGSLITERAL = 33
/* 94 \! SPACE ®/
PENDINGSLITERAL = 43
/* 95 \! QUOTF ®/
PENDINGSLITERAL = 5}
/* 96  <INTEGERD ::= SINPUTD */
CALL CONVERTS$INTEGER;
/* 20 o7 KID)> ::= INPUTD ®/
y
. VALUE(SP) = MATCH; /* STORE SYMBOL TABLE POINTERS */
i IF rééE$DESC$FLAG TREN
’
PILE$DESCS$FLAG = FALSE;
IF UISFLAG THEN
CALL PRINTSERROR(‘UL’);
ELSE
{ I? GETS$TYPEDURSMASK THEN
ELsrcALL SETSTYPE(GETSTYPE ~ URSMASK)S :
CALL PRINTSERROR(’DD’); :
END;

ENDS 5
1 END;  /* END OF CASE STATEMENT */ 4

/*
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END CODESGEN;

GETIN1: PROC BYTE;
RETURN INDEX1(STATE);
END GETIN1;

GETINZ2: PROC BYTE;
RETURN INDEX2(STATE);
END GETINZ;

INCSP: PROC;
I? (SP ¢= SP + 1) >= PSTACXSIZF TBEN
CALL FATALSERROR(’S0’);
VALUE(SP) = @3 /* CLEAR VALUE STACK */
END INCSP;

LOOKABEAD: PROCS
IF NOLOOK TEHEN
DO;
CALL SCANNER;
IF TOKEN = 2 THEN FILESDESCS$FLAG = TRUE;
NOLOOK = FALSE;
IF PRINT$TOKEN THEN
Lo;
CALL CRLF;
CALL PRINT$NUMBER (TOKEN);
CALL PRINTS$CHAR(® 7)3
CALL PRINTS$ACCUM;
END;
END;
END LOOKAHEAD:

NOSCONFLICT: PROC (CSTATE) BYTE;
DCL (CSTATE,I,J,K) BYTE:
J = INDEX1(CSTATE);
K =J + INDEX2(CSTATE) - 1}
POI =J TO K3
IF READ1(1I) = TOKEN THEN RETURN TRUF;
END;

RETURN FALSE;
END NO$CONFLICT;

RECOVER: PROC BYTE;
DCL (TSP, RSTATE) BYTE;
DO FOREVER:
TSP = SP;
DO WHILE TSP <> 2553

I? NOSCONPLICT(RSTATE := STATESTACK(TSP)) THEN

DO§ /* STATE WILL READ TOKEN */
IF SPCOTSP THEN SP = TSP - 13
RETURN RSTATE;
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END;
TSP = TSP -~ 1;
ENDS
. CALL SCANNER} /* TRY ANOTHER TOKEN */
END;
END RECOVERS

END$PASS: PROCS
/* THIS PROCEDURE STORES THE INFORMATION REQUIRED BY

PASS2 IN LOCATIONS ABOVE THE SYMBOL TABLE. THE
FOLLOWING INFORMATION IS STORED: INPUT BUFFER POINTER,
OUTPUT FILE CONTROL BLOCK, COMPILER TOGGLES */

CALL BYTE$OUT(SCL);

CALL ADDR$OUT(NEIT$AVAILABLE);

CALL MOVE(.DISPLAY(1),.LINESCTR(O),5);

OUTPUTSPTR = CUTPUTSPTR - .OUTPUT$BUFF;

LISTSPTR = LISTS$PTR - .LIST$BUFF;

CALL MOVE(.DEBUGGING,MAX$MEMORY - PASS1$LEN,PASS1SLEN);

L: GO T0 L} /* PATCE TO "JMP @ROCRE %/

END ENDSPASS;

/* * % » *x PROGRAM EXECUTION STARTS HERE * * * = =/

CALL MOVE(INITIAL$POS,MAX$MEMORY ,RDRSLENGTE)S
CALL INITSSCANNER;
CALL INITS$SYMBOL;

/J* ® ® ¥ ¥ % % PARSER * * ¥ % x %/

DO WVHILE COMPILING;
IF STATE <= MAXRNO THEN /* READ STATE */

DO}
CALL INCSPS
STATESTACK(SP) = STATE? /* SAVE CURRENT STATE */
CALL LOOKAHEAD;
I = GETIN1S
J =1 + GETINZ - 13
DO I =1 TO Jj
IT READ1(I) = TOXKEN THEN

Do}
/* COPY THF ACCUMULATOR IF IT IS AN
INPUT STRING. IF IT IS A RESERVED
WORD IT DOES NOT NEED TO BE COPIED.®/
I? (TOXEN = INPUT$STR)
OR (TOKEN = LITFRAL) THEN
DO X = @ TO ACCUM(@)}
VARC(K) = ACCUM(K);
END;
STATE = READ2(1I);
NOLOOK = TRUE;
I =17
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! END;

; . ELSE IF I = J THEN

? 0;

* CALL PRINTSERROR(’NP’);

CALL PRINT(.(’ ERROR NEAR $7));

CALL PRINTS$ACCUM;

IF (STATE := RECOVER) = @ THFN
COMPILING = FALSE;

END;

FND; /* DO I =1 TO J; */
END; /* END OF READ STATE */
ELSE IF STATE > MAXPNO THEN /* APPLY PRODUCTION STATE */
LO;
MP = SP - GETINZ2;
MPP1 = MP + 1;
CALL CODESGEN(STATE - MAXPNO);
SP = MP;
1 = GETIN1;
: J = STATESTACK(SP);
; DO WEILE (K := APPLY1(1)) <> ¢ AND J O X;
' I=1+1;

IR TP 4 NI TR SO TR e S A T N AT

i
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= APPLY2(I)) = @ THEN COMPILING = FALSE;
K;

(%
-3
>
-3
[
[

% END;
| ELSE IF STATE <= MAXLNO THEN /*LOOKAHEAD STATE®/

DO;
1 = GETINL; .
CALL LOOKAHEAD;
DO WEILE (K := LOOEK1(I)) <> @ AND TOKEN <> K;
I1=1+1;
END;
STATE = LOOK2(I);
END;
ELSE
DO /*PUSH STATES*/
CALL INCSP;
STATESTACK(SP) = GETIN2:
STATE = GETIN1;
- END;
END; /* DO WHILE COMPILING */
CALL END$PASS:
END;
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COMPUTER LISTING FOR MODULE PART TWO NPS MICRO-COEROL

$ TITLE( “NPS MICRO-COBOL COMPILER PART 2°) PAGEWIDTH(8@)
PAGEWIDTH(69)
PART2: DO; /* MODULE NAME */
/* COBOL COMPILER ~ PART 2 */
/* MODULE LOCATED AT 1938 */

/* GLOBAL DECLARATIONS AND LITERALS */

DECLARE DCL LITERALLY °“DECLARE’,
LIT LITERALLY “LITERALLY’S

DCL FALSE LIT ‘e’,
ALPHASLITSFLAG BYTE INITIAL(FALSE),
CR LIT ‘137,
ERROR BYTE INITIAL(FALSE),
TOREVER LIT ‘WHILE TRUE’,
IFSFLAG BYTE INITIAL(FALSE),
LF LIT ‘187,
MAXS$MEMORY ADDRESS INITIAL(GR1027),
PASS1SLEN ADDRESS  INITIAL(353),
PASS14TOP ADDRESS INITIAL(@BGRRE),
POUND LIT ‘238°,
PROC LIT PROCEDURE’,
QUOTE LIT ‘278’,
TRUE LIT ‘1%

DCL MAXLNO LIT “179°, /* MAX LOOK COUNT */

MAXPNO LIT “196°, /* MAX PUSE COUNT %/

MAXRNO LIT ‘136°, /* MAX READ COUNT */

MAXSNO LIT “345°, /* MAX STATE COUNT */
PRODNO LIT “149°, /* NUMBER OF PRODUCTIONS */
STARTS LIT “1°, /* START STATE */

ENDC  LIT “22°, /* END */

FOFC LIT ‘19°, /* EOF */

PROCC LIT ‘€@°, /* PROCEDURE */

TERMNO LIT “81°; /* TERMINAL COUNT */

DCL READ1(*) BYTE
DATA(?,80,14,15,20,26,28,32,34,36,38,44,45,54,55,57,58,64
,65,69,7¢ ,75,77,63,%,41,63,63,3,4,7,41,€3,78,41,63,42,41
,42,49,50,63,76,23,48,61,47,2% ,41,42,49,5¢,63,1€,1,53,35
,63,74,1,72,3,43,56,39,2,10,11,31,4€,66,68,81,14,15,20,26
'28'32 .33 '3"36'38.44'54'55 '57 '58.64'65 .69'70 '75 .77'13.13
.30.13 051 .5 .8941 .52 .63'73.78.?1 '6 '?1 .11 '71 'sp 06? .71 '60 .71
,1,27,59,59,18,24,18,41,69,63,12,22,67,14,20,26,28,32,34
,38,44 ,54,55,57,58,64,65,69,7¢,75,77,29,41,60,63,29,67,1
,1,14,15,22,26,28,32,34,36,38,44,54,5%,57,%8,64,65,69,7¢
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DCL

DCL

DCL

DCL

DCL

’75’77".7'*.6'7'14.15'17'20'26.?8.32'33.34'36'38'44 .54
»55,57,58,64,65,€69,70,75,7?7,17,63,79,52,19,62,37 ,40,41 ,42
+49,52 ,63,6,9,3,41,42,49,50,63,0,0);

LOOK1 (*) BYTE
DATA(@,19,63,0,63,0,3,0,53,0,63,79,0,63,2,43,56,0,3,0,39
v2,5,8,0,5,8,0,5,8,0,5,8,0,5,8,¢,41,52,62,73,0,21,¢,21,0,
v?1,86,71,0,60,71,0,60,71,0,71,0,71,9,71,0,71,0,71,90,2,10
,11.24.31.46.66.68,81.0.23.48,61.2,12,0,12.2.12,0.53.0.67
.a 63 63 a 27 59 e 4'7'0'63'0'17'0'63'2.37’?'4Z'41'42
49, 50 63 19 63 O)v

APPLY1 ' (*] BYTE
DATA(Q,0,113,0,19,0,0,128,08,0,134,4,71,105,112,119,123

v130,0,0,08,0,133,9,0, 127 v2,0,0,0,9,71,119,123,0,71,0,0
»105, 110 130 0,0.0.6.0 .8.10.11.0.9.12,@.15,0.165,110
0130, 0.41.0 4,21,0,25,02,0,0 9 88,92,91,92,93,94,95,96,0,0
.0.%.0.0.114 9,3,0,2,0,102, 16 17 22 23 ?E 30 47, 48 49
v58,51,52,57, 66.@.0.2.16.17 19 22 23 27 28 3@ 34.~7 39 L1
v42,43 ,44 ,45,47,48,49,52,51,52 54.55 57,62,6€,11¢%, 116 122
v125,126,128,132,133,0,¢,7,8,9,192,11,12,14,15,18, 24 29,46
»99,60,81,1035,111,0,16,17,22, 23 28 30 44 47 48 49 50 51
v52,57,66,0,0,0,26,0,0,31, 53 124 131 0 2,9, 0)

READ2 (*) ADDRESS
DATA(2,63,19,345,24,26,138,31,33,34,36,39,40,43,44,45,45
+52,53,54,55,59,60,321,6,329,139,332,6,7,10,329,129,218
329,139,333, 329,334,336,335,139,249,322,320,321,313,301
339,334,336 ,335,338,20,206,42,319,325,140,127,56,5,317
+919,37,296,295,297,293,294,292,287 ,288,19,%45,24,26,138
v01,32,33,34,36,39,43,44,45,4€,52,53,54,55,59,6@2,18,16,32
v17,234,9,12,329,41,139,57,61,25,286,25,14,298,49,£¢2,298
»51,298,2,250,247,246,23,290,22,329,47,139,15,363,712,19
24,26,138,31,33,36,39,43,44,45,46,52,53,54,55,59,60,28
voR9,48,139,29,312,207,208,19,345,24,26,138,21,33,34,36
109,43 ,44,45,46,52,53,54,55,89,62,8,11,8,276,11,19,%45,21
v24,26,138,31,32,33,34,36,39,43,44,45,4€,52,53,54,55,59
»69,21,326,62,41,197,326,35,38,329,234,33€,335,139,238,13
v4,329,334,336,335,139,0,0)3

LOOK2 (*) ADDRESS
DATA(®,204,204,3,27,180,326,327,58,181,200,2¢¢,220,6€,182
,67,67,183,68,324,69,184,76,76,2€5,77,77,268,78,78,2€9,79
»79,266,80,80,267,81,81,81,81,185,83,280,85,2€1,87,1£6,68
.187,90,90,188,91,91,189,92,19¢,93,191,94,192,95,19%,96
v194,195,195,195,101,195,195,195,195,1985,284,102,122,1¢22
v223,106,270,107,271,108,272,113,196,114,216,115,230,116
»231,248,248,119,120,120,260,122,215,124,238,125,198,129
v213,131,131,131,131,131,131,217,205,2¢5,134);

APPLY2 (*) ADDRESS
DATA(0,0,214,97,126,176,128,203,202,179,118,117,30€,244
1245,307,306,243,209,174,178,164,171,17¢,224,23€,23%,112
»127,72,240,308,309,308,210,99,98,71,213,213,213,177,103
v111,121,173,147,149,148,150,146,166,167,16%,274,273,216
»216,216,169,175,123,84,153,152,283,282,285,70,104,252
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DCL

DCL

+253,25€,258,259,254,25%,257,251,225,110,211,172,151,10%5
v002,130,279,82,314,133,132,89,157,154,222,158,156,155
»159,16¢2,161,162,86,239,304,212,312,64,144,144,141,144
v144,342,144,144,344,310,226,142,200,143,144,277,144,144
1144,144,144,144,145,278,144,221,144,233,233,227,201,291
+64,232,232,€5,275,275,275,275 ,275,275,275,275,275,242
»261,241,73,74,263,7%,262,264,240€ ,323,32%,322%,323,32%,323
v 323,323,323,323,323,323,323,323,323,328,135,168,337 ,341
,300,100,228,289,229,163,219,109,13€);

INDEX1 (*) ADDRESS
DATA(Q,1,203,2,217,23,28,24,24,24,24,24,24,27,28,24,203
v203,34,203,33,217,203,203,34,217,36,203,203,24,203,37 ,42
v43,203,46,47,202,53,203,203,217,703,203,203,203 ,34,203
+203,203,203,203,223,37,203,283,54,203,55, 34, 34,5€,203,56
v99,61,203,62,61,64,65,73,94,95,97,98,99,99,99,99,99,101
v105,106,107,106,109,110,114,111,112,114,112,1104,110,112
,110,116,117,119,120,121,43,122,37,129,126,126,126,127
v129,147,151,55,152,203,203,153,154,155,175,177,2¢2,180
»202,202,203,205,206,208,129,209,203,20%,2,21%,217,1,4,6
v8,10,13,15,18,20,22,25,28,31,34,37,42,44,4€,48,52,53,5€
v58,60,62,64,66,76,80,82,84,86,88,9¢,92,94,97,100,162,1¢4
»0106,108,115,343,199,305,315,311,237,299,299,299,299,299
+299,299,299,299,291,199,1,2,2,4,4,6,6,7,7,7,9,9,10,12,19
12,12,12,12,12,12,12,12,12,12,12,12,12,12,19,19,20,20,21
v21,22,22,24,24,24,24,25,27,28,29,30¢,31,31,21,31,21,35,35
»37,38,38,38,38,38,38,38,38,38,38,42,42,43,43,44,44,44,44
144,46 ,46 ,46,51,51,54,54,56,56 ,5¢€ ,6¢,60,62,62,65,65,65,67
,67,67 ,68,68,69,69,69,69,69,69,7%,70,79,79,8¢,80,81,81,82
,82,82,82,83,83%,84,86,87,87,88,88,89,89,98,90,90,92,92
,107,108,145,145,145,1€4,180,180,181,182,182,182,184,184
,184,185,185,19¢,19¢,191,192);

INDEX2 (*) BYTE
DATA(9,1,1,21,6,1,5,3,3,3,3,3
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/* END OF TABLES */

DECLARE

/* JOINT DECLARATIONS */
/* TEE FOLLOVWING ITEMS ARE DFCLARED TOGETHER IN TEIS
GROUP IN ORDER TO FACILITATE TEEIR BEING PASSFD FROM

228

g

P

Dok

(L vz

O ¥R 50 b AL T

-

5 S

T

53 B e P AT

e mens




THE FIRST PART OF THE COMPILER.
=

/
DEBUGGING BYTE,
ERRORSCTR(S) BITE,
LINESCTR(S) BYTE,
LIST$BUFF(128) BYTE,
LIST$FCB(33) BYTE,
LISTSINPUT BYTE,
LISTSPIR ADDRESS,
MAXSINTSMEM ADLDRESS,
NEXTSAVAILABLE  ADDRESS,
NEXTSSIM ADDRESS,
NOSCODE BYTE,

OUTPUT$BUFF(128) BYTE,
OUTPUTS$FCB(33)  BYTE,

CUTPUTSPTR ADDRESS,
POINTER ADDRESS,
PRINT$PROD BYTE,
PRINTSTOKEN BYITE,
SEQ$NUM BYTE,
WRITESLST BITE,

HASHSTARSADDR ADDRESS, /* ADDRESS OF THE BCTTCM OF
THE TABLES FROM PART1 */

/* 1 0 BUFFERS AND GLOBALS */

INSADDR ADDRESS INITIAL (SCEH),
INPUTFCB BASED INADDR (33) BYTE,
LISTSCHAR BASED LIST4PTR BYTE,
LISTSEND ADDRESS,
OUTPUTSCHAR BASED OUTPUTS$PTR BYTE,
OUTPUTSEND ATDRESS;
/* 3LOBAL PROCEDURES */

DECLARE
CTR BYTE,

ASCTR ADDRESS;

MON1: PROC (F,A) EXTERNAL;
DCL F BYTE, A ADDRESS;

END MON13§

MON2: PROC (F,A) BYTE EXTERNAL;
DCL F BYTE, A ATDRESS;

END MON23

BOOT: PROC EXTERNAL;
END BOOTS

PRINTS$CHAR: PROC (CEAR);
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DCL CHEAR BYTE;
CALL MON1 (2,CHAR);
END PRINTCEAR;

WRITESOUTPUT: PROC (BUFF,FCB);
DCL (BUFF,FCB) ADDRESS;
CALL MON1(26,BUFF); /* SET DMA */
IF MON2(21,FCB) <> @ THEN

DO
CALL MON1(9,.(°WRS$"));
CALL BOOT;
END;
CALL MON1(26,8¢R): /*RESET DMA */
END WRITESOUTPUT;

WRITESTO$DISK: PROC(CHAR);
DCL CHAR BYTE;
IF (LISTSPTR := LIST$PTR + 1) > LIST$END TEEN
DO}
CALL WRITE$OUTPUT(.LIST$BUFF,.LIST$FCR);
LIST$PTR = .LIST$BUFF;
END;
LIST$CHAR = CHAR;
END WRITE$TOSDISKS

PRINT: PROC (A)3
DCL (A,ATDR) ADDRESS,CEAR BASED ADLR BYTE;
ADDR = A}
CALL MON1 (9,A)3
DO WHILE CHAR O ‘%7
CALL WRITESTOSDISK(CHAR)S
ADDR = ADDR + 1;
ENDS
END PRINT;

CRLF: PROC;
CALL MON1(9,.(CR,LF,”$"));
END CRLF;

DCRLF: PROCS
CALL WRITE$TOSLISK(CR);
CALL WRITE$TOS$DISK(LF);
END DCRLF;

INC$CTR: PROC(BASE);
DCL BASE ADDRESS, CTR BYTE, B$BYTE BASED BASE (1) BYTE,
TEN LIT ‘3AR"S
CTR = 4;
DO WHILE (B$BYTE(CTR) := B$BYTE(CTR) + 1) = TEN}
BSBYTE(CTR) = “2°;
IF CTR > 0 TEEN
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IF BSEYTE(CTR := CTR - 1) = ° ’ THEN
B$BYTE(CTR) = “3°3
END;
END INCSCTRS

PRINTSERROR: PROC (COLE);
DCL CODE ADDRESS,CODE1(6) ALDRESS,I BYTE;

N it .

; IP CODE = FALSE THEN
E' DO;
, DOl =@ TO 5;
CODE1(I) = @;
END;
. ‘ I = 9;
! END;
u ELSE IF CODE = TRUE THEN
VH
1 =0;
, DO WEILE((I <> 6€) AND (CODF1(I) <> @))
: CALL PRINTCHAR(HBIGH(COLE1(I))):
; CALL PRINTCHAR(LOW (CODE1(I)))s
4 CALL WRITESTOSDISK(HIGH(CODE1(I)))
CALL WRITESTOSDISK(LOW (CCILEL(I)))
CALL CRLF;
CALL DCRLF;
CODE1(I) = @;
I=1+1;
END;
I = 03
ERROR = FALSE;
END;
f ELSE IF (CODE = ‘NP’) OR (CODE = °NV’)
OR (CODE = ‘SL”) THEN
D03
ERROR = TRUE;
CALL PRINTCEAR(HIGE(CODE));
CALL PRINTCHAR(LOW (CODE));
CALL WRITESTOSDISK(HIGH(CODE)):
CALL WRITESTOS$DISK(LOW (CODE));
CALL INCSCTR(.ERRORSCTR(2));
IF CODE <> ‘NP’ THEN
DO;
CALL CRLF;
CALL DCRLF;
END;
END;
ELSE DO;

ERROR = TRUE;
IF I <> 6 THEN

D03
CODE1(I) = CODE;
I =1+ 15
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END;
CALL INCS$CTR(.ERRORSCTR(Q@));
END;
END PRINTSERRORS

FATALSERROR: PROC(REASON);
DCL REASON ADDRYSS;
CALL PRINTSERROR(REASON);
CALL PRINTSERROR(TRUE);
CALL BOOT;

END FATALSERRORS

CLOSE: PROC(FCB);
DCL FCR ADDRESS; .y
IF MON2(16,FCB) = 255 THEN CALL FATAL$FRROR(’CL’);

END CLOSES

MORES$INPUT: PROC BYTE;
DCL DCNT BYTE;
IF (DCNT := MON2(20,.INPUTS$FCR)) > 1 TEHEN
CALL FPATALSERROR(’BR”);
RETURN NOT(DCNT);
END MORESINPUT;

MOVE: PROC(SOURCE, DESTINATION, COUNT);
DCL (COUNT,SOURCE,DESTINATION) ADDRESS,
(S$BYTE BASED SOURCE, D$BYTE BASED DESTINATION) BYTES
DO WHILE (COUNT := COUNT - 1) <> OFFFFH;
D$BYTE = S$BYTE;
SOURCE = SOURCE +1;
DESTINATION = DESTINATION + 1}
END;
END MOVES

PILL: PROC(ADDR,CHAR,COUNT);
DCL (ADDR,COUNT) ADDRESS,
(CEAR,DEST BASED ADDR) BYTE;
DO WHILE (COUNT := COUNT - 1) <> @FFFFE;
DEST=CHAR;
ADDR=ADDR + 1;
END;
END FILLS

/# * % x % % GSCANNER LITS * * = x x/

DECLARE
INPUTSSTR LIT ‘63°,
INVALID LIT ‘e,
LITERAL LIT ‘42°,
LPARIN LIT 3,
PERIOD LIT ‘1’
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RPARIN LIT ‘6%
/® % % x % SCANNER TABLES * * * *  x/

DCL TOXKENSTABLE (*) BYTE DATA
/* CONTAINS THE TOXEN NUMBER ONE LESS THAN THE FPIRST
RESERVED WORD FOR EACH LENGTH OF WORD ¥/
(0.@ .12'18.25 .42.54.63'73'77 '80) ’

TASLFT (*) BYTE DATA(’BY’,“GO°, IF°,’NO’°,°OR",“TO", EOF’, “ADD’

,AND’,“END’,“I-0", ‘NOT’, 'RUN’, CALL’, "ELSE’, "EXIT’
,’FROM’, INTO’, ‘LESS’, "MOVE’, “NEXT, ‘OPEN *, ‘PAGE”, "READ’
.'sxzz'.‘swor'.'rnnu'.‘wrga','znaq’.'ArTEn'.’cLosn'
,“ENTER’, “EQUAL’, “ERROR’, JINPUT’, “QUOTF’, "TIMES °, "SPACE’
,ONTIL’, ‘USING’, "WRITE’, "ACCEPT ", "BEFORE ", 'DELETE’
,°DIVIDE’, END-IF’, GIVING , "OUTPUT , "COMPUTE’, "DISPLAY’
,“GRFATER’, “INVALID’,’NUMERIC’, PERFORM’, “REWRITE’

, “ROUNDED”, “SECTION “, “VARYING®, DIVISICN®, MULTIPLY’
,"SENTENCE’, “SUBTRACT*, "ADVANCING *, “DEPENDING’
, ’PROCEDURE ", ALPHABETIC’),

OFFSET (11) ADDRESS INITIAL
/* NUMBER OF BYTES TO INDEX INTO THE TABLE FOR EACE
LENGTE */
(¢,0,7,12,33,97,157,199,269,301,328),

WORD$COUNT (*) BYTE DATA
/* NUMBER OF WORLS OF EACE SIZE */
(0,0,6,7,16,12,7,10,4,3,1),

ACCUM(82) BYTE,

ADDSEND (*) BYTE DATA(’ OF ‘),
BUFPFERSEND ADDRESS INITIAL(12@H),

CHAR BYTE INITIAL( °),
TISPLAY(88) BYTE INITIAL(€),
EOFFILLER LIT “1AB°,

FIRSTSLINE BYTE INITIAL(TRUE),
FORMFEFD LIT ‘ecB’,

BOLD BYTE,

INBUFF LIT ‘gan’,

LOOKED BYTE INITIAL(2),
MAXSIDSLEN LIT ‘157,

MAXSLEN LIT ‘187,

NEXT BASED POINTER 3BYTE,

TAS LIT ‘e9’,

TOKEN BYTE; /*RETURNED FROM SCANNFR */

/* PROCS USED BY THE SCANNER */

NEXT$CHAR: PROC BYTES
I? ng[!b THEN
’
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LOOKED = FALSE;
RETURN (CBAR := HOLD);
ENDj
IF (POINTER := POINTER + 1) D>= BUFFERSEND THEN
DO3
IF Nog MORESINPUT THEN
’
BUFFERSFND = .MEMORY;
POINTER = .ACDS$END;
ENL;
ELSE POINTER = INBUFF;
END;
IF NEXT = EOFFILLER THEN

DOS
BUFFERSEND = ._MEMORY;
POINTER = .ALDSEND;
ENDS
RETURN (CHAR := NEXT);
END NEXTSCEARS

GETSCHAR: PROC;
CHAR = NEXTS$CHAR;
END GETS$CHAR;

DISPLAYSLINE: PROCS
DCL I BYTES
DO I =1 T0 DISPLAY(Q);
IF LISTSINPUT OR ERROR THEN
CALL PRINTSCHAR(DISPLAY(I));
IF WRITESLST OR ERROR THEN
D CALL WRITE$TOS$DISK(DISPLAY(I))S
END;

IF FIRSTSLINE TEEN

D03
CALL MOVE(.LINE4CTR,.DISPLAY(1),5);
FIRSTSLINE = FALSE:
END; .
ELSE CALL INCSCTR(.DISPLAY(Q));
DISPLAY(Q) = 5;
END DISPLAYSLINE;

LOADSDISPLAY: PROC;
IF DISPLAY(@) < 87 THEN
DISPLAY(DISPLAY(®) := DISPLAY(@) + 1) = CEAR;
CALL GET4CHAR;
END LOADSDISPLAY;

PUT: PROC;
IFP ACCUM(@) < 81 THEN
ACCUM(ACCUM(Q) := ACCUM(@) + 1) = CHAR;
CALL LOADSDISPLAY;
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END PUTS

EATS$LINE: PROCS
PO WHILE CHAR <> CRj
CALL LOADSDISPLAY;
END;
END EATSLINES

GETSNOSBLANK: PROCS
DCL I BYTE;
DO FOREVER;
IF CHAR = ° ° OR CHAR = TAB THEN CALL LOADSDISPLAY;
ELSE IF CRAR=CR THEN

DO;
CALL LOADSDISPLAY;
CALL LOADSDISPLAY;
CALL DISPLAYSLINE; '~
CALL PRINTS$ERROR(TRUE);
DO WHILE CHAR = CR}
CALL LOADSDISPLAY;
CALL LOADSDISPLAY;
CALL DISPLAYSLINE;
END;
IF SEQ4NUM THEN
DOI =1T0 €;
CALL LOADS$DISPLAY;
END;
IF CHAR = “*° THEN CALL EBATSLINE;
. ELSE IF CHAR = “/° THEN

DO}
IF LISTSINPUT THEN !
CALL PRINT$CHAR(FORMSFEED):
IF WRITE$LST THEN
CALL WRITE$TO$DISK(FORMSFEED);
CALL EATSLINE;
END;
ELSE IF CHAR = “:° TFEN
IF NOT LEBUGGING THEN CALL EATSLINE;
ELSE CALL LOADSDISPLAY;

END;
ELSE RETURN;
END} /* END OF DO FOREVER */
END GET4NOSBLANK;

SPACE: PROC BYTE;
RETURN (CHAR = ° “) OR (CHAR = CR) OR (CEAR = TAB);
END SPACE;

LEFTSPARIN: PROC B!?ES
’

RETURN CHAR = “(°
END LEFTSPARINS
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RIGHTSPARIN: PROC BYTE;
RETURN CEAR = “)°3
END RIGHTSPARINS

DELIMITER: PROC BYTF;
IP CHAR <> .’ THEN RETURN FALSE;
HOLD = NEXT$CHAR;
LOOKED = TRUE;
IF SPACE TEEN
D03
CHAR = “.";
RETURN TRUE;

CHAR = “. "}
RETURN FALSE;
END DELIMITER;

END$OFSTOXKEN: PROC BYTE;

RETURN SPACE OR DELIMITER OR LEFT$PARIN OR RIGETS$PARIN;
END END$OF$TOKEN;

GETSLITERAL: PROC BYTE;
CALL LOADS$DISPLAY;
DO FOREVER;
IF cgan = QUOTE THEN
14
CALL LOAD$DISPLAY;
RETURN LITERAL;
END;S
CALL PUT;
END}
END GETSLITERALS

LOOKSUP: PROC BYTE;
DCL POINT ADDRESS,
HERE BASED POINT (1) BYTE, I BYTE:

MATCH: PROC BITE;
LCL J BYTES
DO J =1 TO ACCUM(@Q)}
I? HERE(J - 1) <> ACCUM(J) TBYN RETURN FALSE;
END;
RETURN TRUE:
END MATCE;

POINT = OFFSET(ACCUM(@)) + .TABLF;
DO I =1 TO WORDSCOUNT(ACCUM(@));
I? MATCH THEEN RETURN I;
POINT = POINT + ACCUM(2);
END;
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RETURN FALSE;
END LOOKS$UP;

RESERVEDSWORD: PROC BYTE;
ICL (NUMB,VALUE) BYTE;
IP ACCUM(@) <= MAXSLEN THEN

DO;
IF (NUMB := TOKENSTABLE(ACCUM(2))) <> @ THEN
IF (VALUE := LOOKSUP) <> @ THEN
NUMBE = NUMB + VALUE;
ELSE NUME = @;
END;

ELSE NUMB = 2}
RETURN NUMBS
END RESERVEDSWORD;

GET$TOKEN: PROC BYTE;
ACCUM(Q) = 03
CALL GET$NOSBLANK;
IF CHAR = QUOTE THEN RETURN GETSLITERAL;
IF DELIMITER THEN

DO3
CALL PUT;
RETURN PERICD;
END;
IF LEFTSPARIN THEN
LOo;
CALL PUT;
RETURN LPARIN;
ENT;
I¥ RIGHTSPARIN TEEN

DO}
CALL PUT;
RETURN RPARIN;
END;
PO FOREVER;
CALL PUT;
IF END$OF$TOXKEN THEN RETURN INPUT$STR;
END; /* OF DO- FOREVER */
END GET$TOKEN;
/” END OF SCANNER ROUTINES */
/* SCANNER EXEC */
SCANNER: PROCS
IF(TOKEN := GETSTOKEN) = INPUTSSTR THEN
IF (CTR := RESERVEL$WORD) <> @ TEEN TOKEN = CTR;
END SCANNER;

PRINTSACCUM: PROC)
DCL I BYTE;
DO I =1 TO ACCUM(Q);
CALL PRINTS$CHAR(ACCUM(I))S
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CALL WRITE$TOSDISK(ACCUM(I));
END;
CALL CRLF;
CALL DCRLF;
END PRINTSACCUM;

i PRINT4$NUMBER: PROC (NUMR);
PECLARE(NUMB,I,CNT,X) BYTE, J (*) BPYTE TATA(120,12);
DOl =@ T0 1;
CNT = 23
DO WHILE NGMB >= (X := J(I1));
NUMB = NUMB - K;
CNT = CNT + 13}
ENDS
CALL PRINTCFAR(’@” + CNT);
END;
CALL PRINTCHBAR(’2” + NUMR);
END PRINTSNUMBER;
/® ® % = END OF SCANNER PROCS * = = x/

/® % % & x SYMBOL TABLE DECLARATIONS * #* * %/

4
%
Y
¥
I
by
3

TR TR T NP

/* * * * = & & SYMBOL TYPE LITERALS * * * % x & =/

DECLARE
CURSSTM ADDRESS, /*SYMROL PEING ACCFSSED*/
DECIMAL LIT ‘117,
DISPLACEMENT LIT ‘14°,
FCB$ADDR LIT ‘s’
FLD$LENGTE LIT 3, E
; HASHSMASK LIT ‘3Fe’, ]
! LEVEL LIT ‘107,
; LOCATION LIT ‘27, f
P$LENGTH LIT ‘3, *
RELSID LIT 5%,
S$TYPE LIT 27, !
' STARTSNAME LIT ‘13°, /*1 LESS*/ 1
SYMBOL PASED CURSSYM (1) BYTE,
SYMBOL$ADDR PASED CUR$SYM (1) ADDRESS, E
TEMPS$PTR ADDRYTSS, s
, TEMPSADDR BASED TEMP$PTR ADDRESS, f
ASED LIT ‘72°,
| ASNSED LT 73",
5 ALPHA LIT ‘8,
ALPHA$NUM LIT ‘97,
COMP LIT ‘21°,
SROUP LIT ‘6°,
LABELSTYPE LIT ‘327,
; LIT$QUOTE LIT ‘11°,
| LITSSPACE LIT ‘10°,
LITSZERO LIT ‘127,
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MULT$0CCURS L1T ‘1287,
NONSNUMERIC$LIT  LIT 77,
NUM$ED LIT ‘e0’,
NUMERIC LIT ‘1€,
NUMERICSLITERAL  LIT 15°, i
UNRESOLVED LIt ‘2553

/* * = =* STMEOL TABLE ROUTINES * * x =/

‘ SET$ADDRESS: PROC(ADDR);

DCL ADDR ADDRESS;

f SYMBOL$ADDR(LOCATION) = ADDR;
END SET$ADDRESS;

GET$ADDRESS: PROC ADDRESS;
RETURN SYMBOL$ADDR(LOCATION);
END GET$ADDRESS?S

GET$FCBSADDR: PROC ADDRESS;
RETURN SYMBOLSALTR(FCB$ADDR)3
END GET$PCBSADDR;

GET4TYPE: PROC BYTE;
RETURN SYMBOL(SS$TYPE);
END GETS$TYPE;

SET$TYPF: PROC(TYPE);
DCL TYPE BITE;
SYMBOL(S$TYPE) = TYPE;
END SETS$TYPE;

.
T T N o I T P

GETSLENGTH: PROC AIDRESS;
RETURN SYMBOLSADDR(FLDSLENGTH)S
END GETSLENGTH;

GETS$LEVEL: PROC BYTE;
RETURN SYMBOL(LEVEL);
END GETS4LEVEL;

GETS$DECIMAL: PROC BYTE;
RETURN SYMBOL(DECIMAL);
END GET$DECIMAL;

GETSPSLENGTH: PROC BYTE;
RETURN SYMBOL(PSLENGTH)S
END GET$PSLENGTE;

BUILDS$SYMBOL: PROC(LEN);
DCL LEN BYTE, TEMP ADDRESSS
TEMP = NEXT$SYM;
I? (NEXT$SYM := ,SYMBOL(LEN := LEN + DISPLACEMENT))

T T R T T 13, AP NP A ¢ o ! WA TR T Y oty i WU
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> MAXSMEMORY TEEN CALL FATALSERROR('ST);
CALL FILL (TEMP,2,LEN);
END BUILDSSYMBOLS

GET$PREVSOCCURS ¢ PROC ADDRESS;
TEMPSPTR = CUR$SYM + DISPLACEMENT + GETSPSLENGTH; X
RETURN TEMPS$ALDR; z
END GET$PREVSOCCURSS

ANDSOUT$OCCURS: PROC (TYPESIN) BYTE; %
DCL TYPES$IN BYTE;
RETURN TYPESIN AND 127;
END AND$OUT$OCCURS;

CBECKSUNRESOLVED: PROC;

pcL (1,J) BYTE,PTR ADDRFSS,ADDR$PTR BASED PTR ALDRESS;

PTR = HASHSTABSADDR; /*SET PTR TO FIRST BASH ADDR*/

POI =1 TO 64;

IP ADDRSPTRSD® THEN
DO;
CURSSYM = ADDRSPTR;

i DO WEILE CURSYMSOE;
; IF GETS$TYPE = UNRESOLVED THEN
! DO
: CALL PRINT(.(°UL $°7))3

DY SES TR e

| DO J = 1 TO GET$PSLENGTE;
| CALL PRINTSCHRAR(SYMBOL(STARTSNAME + J))3
{ . puiALL WRITE$TO$DISK (STMBOL(STARTSNAME + J));
{ i
! CALL CRLF;
CALL DCRLF;
CALL INC$CTR(.ERRORSCTR(2));
END; |
CURSYM
END;
END;
PTR = PTR + 2;
IND;
END CHECK$SUNRESOLVED;

/* * * % PARSER DECLARATIONS * =* = =/

S A VST RO PR« ks o W BT Sk "5

ST ek e Y TR

SYMBOLS$SADDR(Q);

3 DCL
4 COMPILING BYTE INITIAL(TRUE),
| CONSLENGTE BYTE,
¥ CONDS$TYPE BYTE,
DISPLAYS$FLAG BYTE INITIAL(FALSE),
BOLD$SEC$ADDR ADDRESS,
BOLD4SECTION ADDRESS,
IDSPTR BYTE,
ID$STACK(20) ADDRESS,
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(1,J,X%) ADDRESS, /*INDICIES FOR THE PARSER*/
LSADIR ADDRESS,

L$DEC BYTE,

L4DECSTEMP RYTE,

LSLENGTE ADDRESS,

L$TYPY BYTE,

MP BYTE,

MPP1 BYTE,

NEXT$ADDRESS ADDRESS  INITIAL(Q),

NOLOOK BYITE INITIAL(FALSE),
PSTACKSIZE LIT ‘30°, /* SIZE OF STACKS*/
SECTIONSFLAS BYTE INITIAL(D),

SP BYTE INITIAL(255),

STATE ADDRESS  INITIAL(STARTS),
STATESTACK(PSTACKSIZE) ADDRESS, /* SAVED STATES */
SUBSIND BYTE INITIAL(2),
VARC(1€0) BYTE, /*TEMP CHAR STCRE*/
VALUE(PSTACKSIZE) ADDRESS, /* TEMP VALUES */
VALUE2(PSTACKSIZE) ADDRESS, /* VALUE2 STACK %/
WRITESBEFORE BYTE INITIAL(FALSE),
WRITESAFTER BYTE INITIAL(PALSE),

/® ® % % ® % % = CODE LITERALS * % % & % % % % % x/

/¥ THE CODE LITFRALS ARF BROXEN INTO GROUPS DEPENDINC
ON THE TOTAL LENGTH OF CODE PRODUCED FOR TEAT ACTION */
/* LENGTH ONE */

ADD LIT “1°, /* ADD REGISTER 1 TO REGISTER @ */
SUB LIT ‘2°, /* SUBTRACT REGISTER 1 FROM REGISTER 2 =/
MUL LIT “3°, /% MUCLTIPLY REGISTER © BY REGISTER 1 */
DIV LIT °“4°, /% DIVIDE REGISTER @ BY REGISTER 1 */
NEG LIT °5°, /* NOT OPERATOR %/
STP LIT “6°, /* STOP PROGCRAM */
STI LIT °‘?°, /* STORE REGISTER 2 INTO REGISTER @ */
EXT LIT ‘8", /* EXIT SUBROUTINE */
/* LENGTH TWO */
RND LIT °‘9°, /* ROUND CONTENTS OF REGISTER 2 */
/* LENGTH THREE */
RET LIT “1@°, /* RETURN =/
CLS LIT °“11°, /* CLOSE */
SER LIT ‘“12°, /* BRANCH ON SIZE ERROR */
BRN LIT “13°, /* BRANCH */
OPN LIT “14°, /* OPEN A FILE FOR INPUT =/
OP1 LIT “15°, /* OPEN A FILE FOR OUTPUT =/
OP2 LIT ‘16°, /* OPEN A FILE FOR BOTE INPUT AND OUTPUT */
RGT LIT °“17°, /* REGISTER GREATER TEAN =/
RLT LIT ‘18°, /* REGISTER LESS THAN */
REQ LIT “19°, /* REGISTER EQUAL */
INV LIT °“2¢°, /% BRANCH I¥ INVALID-FILE-ACTION FLAG TRUE */
EOR LIT ‘21", /* BRANCH ON END-OF-RECORDS FLAGC =/
/* LENGTE FOUR */
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F PAG
i ‘ ACC
STT
LDI

DIS
PEC
STO
ST1
ST2
ST3
ST4
STS

Lor
LDl
LD2
LT3
LD4
LDS
LDE

PER
CNU
CNS
CAL
R¥S
DLS
RDF
VTP
RVL
Wyl

SCR
SGT
SLT
SFQ
MOV

RRS
WRS
RRR
; WRR
& RWR

LR

T MED

MNEF
SBR

LI?T
LIT
LIT
LIT

LIT
LIT
LIT
LIT
LIT
LIT
LIT
LIT

LIT
LIT
LIT
LIT
LIT
LIT
LIT

LIT
LIT
LIT
LIT
LIT
LIT
LIT
LIT
LIT
LIT
/%
LIT
LIT
LIT
LIT
LIT
/®
LIT
LIT
LIT
LIT
LIT
LIT

LIT
/*

LIT

LIT
/™

‘637,
‘6e’,

/* CARRIAGE CONTRCL FOR PRINTER OPERATION */
/* ACCEPT =/

/* STOP WITH DISPLAY */

/* LOAD A CODE ADDRESS DIRECT */

FIVE */

/* DISPLAY =/

/* DECREMENT COUNT AND BRANCE IF ZFRO %/
/%* STORF NUMERIC */

/* STORE SIGNED NUMERIC LEALING */

/* STORE SIGNED NUMERIC TRAILING */

/% STORE SEPARATE SIGN LEADING */

/* STORE SEPARATE SIGN TRAILING */

/* STORE A PACXED NUMERIC FIFLD */

SIX */

/* LOAD NUMERIC LITERAL =/

/® LOAD NUMERIC */

/™ LOAD SIGNED NUNMERIC LEADING */

/* LOAD SIGNED NUMERIC TRAILING */

/® LOAD SEPARATE SIGN LEADING =/

/* LOAD SEPARATE SIGN TRAILING */

/* LOAD A PACKED NUMERIC FIELL */
SEVEN */

/* PERFORM =/

/®* COMPARE NUMERIC UNSIGNEL */

/* COMPARE NUMERIC SIGNED */

/®* COMPARE ALPHARETIC */

/* REWRITE SEQUENTIAL =%/

/% DELETE SEQUENTIAL */

/* READ A SEQUENTIAL FILE */

/% WRITE A RECORD TO A SEQUENTIAL FILE */
/* READ A VARIABLE LENGTE FILE */

/* WRITE A VARIABLE LENGTH RECORD */
NINE */

/® CALCULATE A SUBSCRIPT =/

/* STRING GREATER THAN */

/* STRING LESS TEAN */

/* STRING EQUAL */

/* MOVE =%/

TEN */

/* READ RELATIVE SEQUENTIAL */

/* WRITE RELATIVE SEQUENTIAL */

/* READ RELATIVE RANDOM */

/* WRITE RELATIVE RANDOM %/

/* REWRITE RELATIVE */

/* DFLETE RELATIVE */

ELEVEN */

/*® MOVE INTO AN ALPHANUMERIC EDITED FIFLD */
THIRTEEN */

/®* MOVE INTO A NUMERIC EDITED FIFLD */
/* SUBROUTINE CALL =/

VARIABLE LENGTH */
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GDP LIT °65°, /* GO TO - DEPENLING ON */
PAR LIT °66°, /* PARAMETER LIST */

/* BUILD DIRECTING ONLY */
INT LIT °67°, /* INITIALIZE MEMORY */

BST LIT ‘68°, /* BACK STUFF
/% TERMINATE BUILD */

TER LIT ‘69°

*/

SCD LIT °‘7@°; /* START CODE */

/* ® % % PARSER ROUTINES = = =

DIGIT: PROC (CHAR) BYTE;
DCL CHAR BYTE;

RETURN (CHAR <= “9°) AND (CHAR >= ‘07);

END DIGIT?

LETTER: PROC (CHAR) BYTE;j
DCL CHAR BYTE;

RETURN (CEAR D>= “A’) AND (CEAR <= ‘2°);

END LETTER?
INVALIDSTYPE: PROC;

CALL PRINTSERROR(IT’);

END INVALIDSTYPE;

BYTES$OUT: PROC(ONES$BYTE);
DCL ONE$BYTE BYTE;

IF NO$CODE TEEN RETURN;
IF (OUTPUTSPTR := OUTPUTSPTR + 1) > OUTPUTSEND THEN

CALL WRITE$SOUTPUT(.QUTPUT$BUFF, .OUTPUTSFCE);

DOs

OUTPUT$PTR = .OUTPUTS$BUFF;

END;

OUTPUTSCHAR = ONF$BYTE;

END BYTES$OUT;

ADDR$OUT: PROC (ADDR);
DCL ADDR ADDRESSS

CALL BYTE$OUT(LOW(ADDR))3
CALL BYTE$OUT(BIGE (ADDR))3

END ADDRSOUT;

INC4COUNT: PROC (CNT)3
DCL CNT BYTE;

IF(NEXTSAVAILABLE := NEXTSAVAILABLE + CNT)
> MAXSINTSMEM THEN CALL FATALSERROR('MO’);

END INC$COUNTS

ONESADDRSOPP: PROC(CODE,ADDR);

DCL CODE BYTE, ADDR ADLRESSS

CALL BYTES$OUT(COTE)?
CALL ADDRS$OUT(ADDR);
CALL INC$COUNT(3);

*»

*/




END ONE$ADDRSOPP;

MATCH: PROC ADDRESS;
ICL POINT ADDRESS, COLLISION BASED POINT ATUDRESS,
(gOoLD,I) BYITE:
IV VARC(@)DMAXSIDSLEN THEN VARC(®) = MAXSIDSLEN;
HOLD = 0;
FO I =1 TO VARC(®);
ENn.nom = HOLD + VARC(I);
 J
POINT = HASH$TABSAIDR + SHL((HOLD AND EASH$MASK),1);
DO FOREVER:
IF COLLISION = 2 THEN

DO
CUR$SYM,COLLISION = NEXTS$S
CALL BUILD$SYMBOL(VARC(2))
SYMBOL(PSLENGTE) = VARC(@)
DO I =1 TQO VARC(Q);
SYMBOL(STARTSNAME + I) = VARC(I);
ENDS
CALL SETSTIPE(UNRESOLVED);
RETURN CURS$SYM;
END S
FLSE
DOj
CUR$SIM=COLLISION;
IF (HOLD:=GETS$P$LENGTH)=VARC(@) THEN
Doj

™;
'
i

I=1;

LO WHILE SYMBOL(STARTSNAME + I)= VARC(I);
IF (I:=1+1)>R0LL THEN

RETURN(CGR4SYM := COLLISION);
FND;
END;
END;
POINT = COLLISION;
END;
END MATCH;

SETSVALUE: PROC(NUMB)S
DCL NUMB ADDRESS;
VALUE(MP) = NUME;

END SFTSVALUE;

SETSVALUE2: PROC(ADDR);
PCL ADDR ADDRESS;
VALUE2(MP) = ADDRS

END SET$VALUEZ;

CHKSULS$VAR:PROC(PTR)?
DCL PTR BYTES
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CURSYM = VALUE(PTR);
IF GET$TYPE = UNRESOLVED TEEN
CALL PRINT$ERRCR(“UD")3 8
END CEK$UDSVAR; ? ;

SUBSCNT: PROC BYTE; 3
1 1P (SUBSIND := SUBSIND + 1) > 7 TEEN
SURSIND = 1;
RETURN SUBSIND;
©ND SUBSCNTS

CODESBYTE: PROC (CODE);
DCL CODE BYTE;
CALL BYTFES$OUT(CODE);
CALL INCSCOUNT(1);
END CODESBYTE;

CODESADDRESS: PROC (CODE);
DCL CODE ADDRESS;
CALL ADDRSOUT(COLE);
CALL INCSCOUNT(2);

END CODESADDRESS;

CONVERTSINTEGER: PROC ADIRESS;
DCL A BYTE;
ACTR = 0;
IF VARC(1) = “+° THEN A = 2; ELSE A = 1%
DO CTR = A TO VARC(@);
IF NOT DIGIT(VARC(CTR)) THEN
ro;

CALL PRINTS$ERROR(‘NN");
RETURN ASCTR;
END;
ELSE ASCTR = SHL(ACTR.S) + SEL(ACTR,1) +
VARC(CTR) - ‘2"
END;

RETURN ACTRS
END CONVERTSINTEGER)

BACKSTUFF: PROC (ADD1,ADD2);
DCL (ADD1,ADD2) ADDRESS?
CALL BYTE$OUT§BST).

CALL ADDRSOUT(ADI1)}
CALL ADDR$OUT(ADD2);
ENC BACKSSTUFF;

CHKSNXTSSENTENCE: PROC;
IF NEXT$ADDRESS <> @ TEEN
03
CALL BACKSTUFF(NEXTSADIRESS ,NEXTSAVAILAPLE);
NEXT$ADDRESS = 0@F

PN e e T 100 2

B 245




END; 3
END CHESNXTSSENTENCES ]

UNRES$BRANCH: PROC; %
CALL SET$VALUE(NEXT$AVAILABLE + 1) -
CALL ONESADDRS$OPP(BRN,Q); . 4
CALL SET$VALUEBZ2(NEXT$AVATLAZLE); g

;

END UNRES$BRANCH;

BACKSCOND: PROCS i
CALL BACKSTUFF(VALUE(SP - 1),NEXT$AVAILABLE);
END BACK$COND;

SETSBRANCH: PROC; 3
CALL SET$VALUE(NEXTSAVAILABLE); 1

k CALL CODF$ADDRESS(Q);
END SETSBRANCYF; .

KEEP$VALUES: PROC;
CALL SET$VALUE(VALUE(SP));
CALL SET$VALUE2(VALUE2(SP));
END KEEP$VALUES; H

CARRAGE$CONTROL: PROCS
WRITESBEFORE,WRITESAFTER = FALSE;
CALL CODESBYTE(PAG);

CALL CODESADDRESS(GETSFCB$SADDR);
CALL CODESBYTE(VALUE(SP));
END CARRAGE$SCONTROL; )

STDSATTRIBUTES: PROC(TYPE);
DCL TYPE BYTE;
CALL CODESADDRESS(GETS$FCBSALDR);
CUR$SYM = GFT$ADDRESS;
CALL CODESADDRESS (GET$ADDRESS);
CALL CODE$ADDRESS(GETSLENGTH);
IF TYPE = @ THEN RETURN;
CURSSYM = GETS$FCBSADDR;
CUR$SYM = SYMBOLSADDR(RELSID)S
CALL CODESADDRESS(GFT$ADDRESS )
CALL CODESBYTF(CETSLENGTH); A
END STDSATTRIBUTES; §

3 WRITESASRECORD: PROC;
DCL TEMPS$SYM ADDRESS; i
IF GETSLEVEL <> 1 THEN CALL PRINTSERROR(’WL’); 1
ELSE i
DO; j
1 TEMPSSYM = CURSSIM; :
: CURSSYM = GETSFCBSADDR; ;
IF (CTR := GETSTYPE) <> 1 AND !

246




(VRITESBEFORE OR WRITESAFTER) THEN
CALL PRINT$ERROR(’CC’);
IF CTR = 1 THEN

Lo
IF WRITESAFTER THEN CALL CARRAGESCONTROL;
CALL CODESBYTE(WTF);
CALL STDSATTRIBUTES(@):
I? WRITE$BEFOR® THEN :
DO} '
: CURSSYM = GETSFCRSADLR;
3 CALL CARRAGESCONTROL;
END;
END;
ELSE IF CTR = 2 THEN ;

DO}
CALL CODE$BYTE(WRS);
CALL STD$ATTRIBUTES(1):
END;
ELSE IF CTR = 3 THEN

D03
CALL CODESBYTE(WRR);
D CALL STDSATTRIBUTES(1):
ENDS
ELSE IF CTR = 4 THEN

0;
CALL CODESBYTE(WVL);
CALL CODESADDRESS (GETSFCBSADDR);
CURSSYM = TEMPSS YM;
CALL CODESADDRESS (GETSADDRESS );

sps AL CODE$ADDRESS (GETSLENGTH) ; |
,

ELSE CALL PRINTSERROR(’FT’); ﬁ

ENDS
END WRITE$ASRECORDS

RFADSASFILE: PROC;
IF (CTR := GET$TYPE) = 1 THEN

1 'H
CALL CODESBYTE(RDF);
CALL STLS$ATTRIBUTES(@);
END;
ELSF IF CTR = 2 THEN

DOs
CALL CODE$BYTE(RRS);
END CALL STDSATTRIBUTES(1);
’
ELSE IF CTR = 3 THEN

DO}
CALL CODESBYTE(RRR);
0 CALL STDSATTRIBUTES(1);
END;




ELSF IF CTR = 4 THEN

DO}
CALL CODESBYTE(RVL);
CALL CODESADDRESS(GETSFCBSADDR);
CALL COLFSADDRESS(GETS$LENGTH);
CURSSYM = GETSADDRESS:
CALL CODESADDRESS(GET$ADDRESS);
END;
ELSE CALL PRINTSERROR('FT’);
END READSASFILE;

ARITHMETICSTYPE: PROC BYTE;
IF ((LSTYPE := ANDSOUTSOCCURS(LS$TYPE)) >=
NUMERICSLITERAL) AND (L4TYPE <= COMP) THEN
RETURN L4TYPE - NUMERICSLITERAL;
IF L$TYPE = LITS$ZERO OR L$TYPF = ALPHASNUM TEFEN
RETURN @;
CALL INVALIDSTYPE;
RETURN @}
END ARITHMETICSTYPE;

DELETESASFILE: PROC;
IF (CTR := GETSTYPE) = 3 THEN

DO}
CALL CODES$BYTE(DLR);
CALL STD$ATTRIBUTES(1):
END;
ELSE IF CTR = 2 THEN

DO}
CALL CODESBYTE(DLS);
> CALL STDSATTRIBUTES(@)3
END;
EFLSE CALL PRINTSERROR('IT");
END DELETESASFILE;

REWRITE$ASRFCORD: PROCS
IF GETSLEVEL <> 1 THEN CALL PRINT4ERROR(‘WL’);
ELSE
DO;
CURSSYM = GET$FCBSADDR;
IF (CTR := GETSTYPE) = 3 THEN
DO;
CALL CODESBYTE(RWR);
CALL STDS$ATTRIRUTES(1);
END;
nnsnnlr CTR = 2 THEN
0;
CALL CODES$BYTE(RWS):
CALL STDSATTRIBUTES (2);
END;
ELSE CALL PRINTS$ERROR(’IT’);
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END3
END REWRITESASRECORD;

ATTRIBUTES: PROC;
CALL CODESADDRESS(LS$ADDR);
CALL CODESBYTE(LSLENGTH);
CALL CODESBYTE(LS$DEC);

END ATTRIBUTESS

LOADSLSID: PROC(S$PTR);
DCL S$PTR BYTE;
I® ((ASCTR := VALUER(S$PTR)) <= NONSNUMERICSLIT) OR
égscrn = NUMERICSLITERAL) THEN
9,
LSADDR = VALUE2(SPTR):
LSLENGTH = CONSLENGTHS
LSTYPE = ASCTR;
IP ASCTR = NUMERICSLITERAL THEN
L4DEC = LS$DECS$TEMP;
ELSE L$DEC = @;
RETURN;
END;
IF ASCTR <= LIT$ZERO THEN

DOj
LS$TYPE,LSADDR = ASCTR}
L$DEC = @3
LSLENGTE = 1§
RETURN;
END}
CUR$SYM = VALUE(SS$PTR);
LSTYPE = GET$TYPES
LSLENGTE = GETSLENGTH;
L$DEC = GET$DECIMALS
IF(L$ADDR ¢= VALUE2(S$PTR)) = @ THEN
LSADPR = GETS$ADDRESS/
END LOADSLSID;

LOAD$REG: PROC(REGSNO,PTR);
DCL (REG$NO,PTR) BYTE;
CALL LOADSL$ID(PTR);
CALL CODESBYTE(LOD+ARITHMETICS$TYPE);
CALL ATTRIBUTESS
CALL CODE$BYTE(REGSNO);
END LOADSREGS

STORE$REG: PROC(PTR);
DCL PTR BYTE;
CALL LOADSLSID(PTR);
CALL CODE4$BYTE(STO + ARITHMETICSTYPE =~ 1)3
CALL ATTRIBUTESS
END STORESREGS
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STORESCONSTANT: PROC ADDRESS;
IF(MAX$INTSMEM := MAXSINTSMEM = VARC(@)) < NEXTSAVAILAELE
g TEEN CALL PATALSERROR('MO‘); ;

CALL BYTESOUT(INT)3: 1
CALL ADDRSOUT(MAXS$INTSMEM);
CALL ADDRSOUT (CONSLENGTH := VARC(2)); h
DO CTR = 1 TO CONSLENGTH; ,
END.CALL BYTESQUT(VARC(CTR)) 3 ]
1} 3
RETURN MAXSINTSMEM;
END STORE$CONSTANT; )

NUMERICS4LIT: PROC BYTE;
F DCL CBAR BYTE; g
~ L$DECSTEMP = @} g
DO CTR = 1 TO VARC(Q);
IP NOT( DIGIT(CHAR := VARC(CTR))
OR (CHAR = “=") OR (CEHAR = “+7)
OR (CEAR = “.’)) THEN RETURN FALSE;
IF CEAR = “.° TEEN
L$DFCS$TEMP=VARC(Q)-CTR;
END;

RETURN TRUE; |
FND NUMERICSLITS i

ALPHASLIT: PROC BYTF; 4
DO CTR = 1 TO VARC(@);

E IF NOT(LETTER(VARC(CTR))) THEN RETURN FALSF;

ﬁ END;

RETURN TRUES
END ALPEASLITS

T T I T T

ROUND$STORE: PROC;
IF VALUE(SP) <> @ THEN
DO’

CALL CODESBYTE(RND);
CALL CODESEYTE(L$DEC);
k END;
! CALL STORFSREG(SP - 1);
{ END ROUNDSSTORE;

ADD$SUB: PROC(INDEX);
DCL INCEX BYTE;
CALL LOADS$REG(1,SP =~
CALL CODESBYTE(ADD +
CALL ROUNDSSTORE;

ENTC ADD$SUB;

MULT$DIV: PROC(INDEX)?
DCL INDEX BYTES

)3
NDEX):
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CALL LOADSREG(Q,MPP1);
CALL LOATLSREG(1,SP - 1)}
CALL CODE$BYTE(MUL + INDEX);
CALL ROUNDSSTORE;

END MULTSLIVS

i
;
1
1
i

CHECKS$SUBSCRIPT: PROC;
DCL (TEMP,TEMPSADDR) ALDRESSS
CUR$SYM = VALUE(MP);

- IF GETSTYPE < MULT$OCCURS THEN

r D03
' CALL PRINTSERROR(°IS’);
RETURN;
END;
IF NUMERICSLIT TEEN
DO;
TEMP$ADDR = GET$ALDRESS;
IF (TEMP := GETSPREVSOCCURS) <> @ THEN
CUR4SYM = TEMP;
CALL SET$VALUE2
(TEMPSADDR + (GETSLENGTH * (CONVERTSINTEGFR - 1)))s
RETURN;
END;
CALL ONE$ADDRSOPP(SCR,GET$ADDRESS);
IF (TEMP := GETS$PREVSOCCURS) <> 2 THEN
CURSSIM = TEMP;
' CALL CODESADDRESS (GETSLENGTH);
r CURSSYM = MATCEH;

e e — 5 g g

IF ((CTR := GETS$TYPE) < NUMERIC) CR (CTR > COMP) THEN
CALL PRINTS$ERROR('TE’);
CALL CODESADDRESS (GET$ADDRESS);
CALL CODESBYTE(GETSLENGTE);
CALL CODESBRYTE(SUBSCNT)S
CALL SETSVALUE2(SUBSIND);
END CHECKS$SUBSCRIPT;

LOADSLABEL: PROC;
CURSSYM = VALUE(MP);
IF (ASCTR := GETSADDRESS) <> @ TFEN
CALL BACKS$STUPF(AS$CTR,VALUE2(MP));
CALL SETS$ADDRESS(VALUE2(MP));
IF GETS$TYPE <> UNRESOLVED THEN
CALL PRINT$ERROR('DD’);
CALL SETSTYPE(LARELSTYPE);
IF (ASCTR := GETSFCRSADILR) <> @ THEN
CALL BACKS$STUFPP(ASCTR,NEXTSAVAILABLE);
SYMBOLSADDR(FCBSADDR) = NEXTSAVAILABLE;
CALL ONESADDRS$OPP(RET,2);
IND LOADSLABFL;

LOADSSECSLAREL: PROCS
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ASCTR = VALUE(MP);
CALL SETS$VALUE(EOLDSSECTION);
BOLD4SECTION = ASCTR;
ASCTR = VALUE2(MP);
CALL SET$VALUE2(BOLDSSEC$ADDR);
HOLDSSEC4ADDR = ASCTR;
CALL LOADSLABEL:
END LOADSSECSLABEL;

LABELSADDRSOFFSET: PROC (ADDR, ROLD, OFFSET) ADDRESS;
PCL ALDR ADDRESSS
DCL (5OLD, OFFSET, CTR) BYTE;
CURS$SYM = ADDR;
IF(CTR := GETSTYPE) = LABELSTYPE THEN
DO}
IF ROLD THEN RETURN GETSADDRESS;
RETURN GET$FCBSADDR;
END3
IF CTR <> UNRESOLVED THEN CALL INVALIDS$TYPE;
IF BOLD TEHEN
D03
ASCTR = GETSADDRESS;
CALL SET$ADDRESS(NEXTSAVAILABLE + OFFSET);
RETURN ASCTR;
END;
ASCTR = GETSFCBS$ADDR;
SY“BOLSADDR(FCBSADDR) = NEXTSAVAILABLE + OFFSET;
RETURN ASCTR;
END LABELSADLCRSOFFSETS

LABEL$ADDR: PROC (ADDR, BOLD) ADDRESS:
DCL ADLCR ADDRESS,
BOLD BYTE;
RETURN LABELSADDRSOFFSET (ADDR, BOLD, 1)}

END LABELSADDR;

CODE$FORSDISPLAY: PROC (POINT);
DCL POINT BYTE;
CALL LOADSLSID(POINT);
CALL ONE$ADDR$OPP(DIS,LSADDR)S
CALL CODESBYTE(LSLENGTEH)S
IF DISPLAYSFLAG THEN CALL CODESBYTE(1);

ELSE CALL CODE$RYITE(0);
DISPLAYSFLAG = FALSE;
END CODE4FORSDISPLAY;

ASANSTYPE: PROC BYTE;
RETURN (LSTYPE >= ALPEA) AND (L$TYPE® <= LITS$QUOTF):
END ASANSTYPE;

NOT$INTEGER: PROC BYTE;
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RETURN L$DEC <> €3
END NOTSINTEGERS

NUMERICSTYPE: PROC BYTE; l
RETURN ((LS$STYPE >= NUMERICSLITERAL) AND (LSTYPE <= COMP)) ,

OR (L$TYPE=LITS$ZERO); |

END NUMERICSTYPE; &

GEN$COMPARE: PROC;
DCL (HSTYPE,H$DEC) BYTE, (H$ADDR,H$LENGTH) ADDRESS; ;
CALL LOADS$LS$ID(MP); :

, LYTYPE = AND$OUT$OCCURS(LS$TYPE); ,

3 17 cggnswrpn = 3 THEN /* COMPARE FOR NUMERIC */ i

: !

IF L$TYPE = ALPHA OR (L$TYPE > COMP) THEN
CALL INVALIDSTYPE;

CALL SET$VALUE2(NEXTSAVAILABLE);

IF L$TYPF = NUMERIC TBEN CALL CODES$BYTE(CNU)S

ELSE CALL CODESBYTE(CNS);

CALL CODE$ADDRESS(LS$ADLR);

CALL CODE$ADDRESS(LSLENGTH);

CALL SET$BRANCH;

1T BN WL e

3 ENT;
ELSE IF COND$TIPE = 4 THEN

DO;
IF NUMERICSTYPE THEN CALL INVALIDSTYPE;
CALL SETSVALUE2(NEXTSAVAILABLE);
CALL CODESSYTE(CAL);
CALL COTCESADLRESS(LSADDR):
CALL CODESADDRESS(LSLENGTH);
CALL SETSBRANCH;
END;
ELSE DO;
IF NUMERICSTYPE THEN CTR=1;
ELSE CTR = @3
BSTYPE = LS$TYPE;
B$DEC = LS$DEC;
HSADDR = LSADDR;
HSLENGTE = LSLENGTE;
CALL LOADSLSID(SP); ;
IF NUMSRICSTYPE THEN CTR = CTR + 1} 1
1P CTR = 2 THEN /* NUMERIC COMPARE */

D0}
CALL LOADSREG(@,MP); -
CALL SET$VALUE2(NEXT$AVAILABLE - 6); :
CALL LOAD$REG(1,SP)i j

_ CALL CODESBYTE(SUR); ;

| CALL CODE$BYTE(RGT + COND$TYPE);

? CALL SET$BRANCH;

' END;

ELSE DO;
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/* ALPHA NUMER1. COMPARE */
IT (BSTYPE = COMP) OR (L$TYPE = COMP) THEN
CALL INVALIDSTYPE:
PLSE I¥ (HSLENGTE <> L$LENGTE) THEN
IF NOT ((LSTYPE >= LITS$SPACE) ANT
(L$TYPE <= LIT$2ERO)) XOR
((B$TYPE >= LIT$SPACE) AND
(BSTYPE <= LIT$ZERO)) THEN
CALL INVALIDSTYPE;
ELSE IF (L$DEC <> @) OR (H$DEC <> ©) THEN
IF NOT ((L4TYPE = NUMSED) XOR
(BSTYPE = NUMSED)) THEN
CALL INVALIDSTYPE;
CALL SET$VALUE2(NEXTSAVAILABLE);
CALL CODESRYTE(SGT+CONDSTYPE);
(i CALL CODESADDRESS(H$ADDR);
CALL CODES$ADDRESS(LS$ADDR);
CALL CODESADLRESS(BSLENGTE);
CALL SET$BRANCH;
END;
END;
END GEN$COMPARE;

MOVESTYPF: PROC BYTE;

DCL
HOLDSTYPE BYTE,
| ALPRASNUMSMOVE LIT ‘9’,
¥ ASNSEDSMOVE LIT ‘1°,
NUMPRICS$MOVE LIT ‘2°,
NSEDSMOVE LIT °’3°;

LSTYPE = ANDSOUTSOCCURS(LSTYPE):
IF((BOLDSTYPE := AND$QUTS$OCCURS(GFTSTYPE)) = GROUP) OR
(LSTYPE = GROUP)
TEEN RETURN ALPEASNUMSMOVE;
I? BOLDSTYPE = ALPHA THEN
IF ASANSTYPE OR (LSTYPE = ASED) OR (LSTYPE = ASNSED)
OR ((ALPHASLITSFLAG) AND
(LSTYPE = NONSNUMERICSLIT))
THEN RETURN ALPHASNUMSMOVE;
IF HOLDSTYPE=ALPEASNUM THEN

? 203
I? NOTSINTEGER AND (LSTYPE <> NUMSED) TEHEN
CALL INVALIDSTYPE;
A RETURN ALPHASNUMSMOVE;
END;
7 (ggxnsrrrz >= NUMERIC) AND (HOLD$TYPE <= COMP) THEN
| 2

IF (LSTYPE = ALPHA) OR (LSTYPE > CCMP) THEN
CALL INVALIDSTYPE;
RETURN NUMERICS$MOVES

END;
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IT HOLDSTYPE = ASNSED THEN

DO;
IF NOTSINTEGER AND (LSTYPE <> NUMSED) THEN
CALL INVALIDSTYPE;
RETURN ASNSEDSMOVE;
END;
IF HOLDSTYPE = ASED THEN
IF ASANSTYPE OR (LSTYPE > COMP) OR
(LSTYPE = NONSNUMERICSLIT)
THEN RETURN ASNSEDSMOVE;
IF HOLLSTYPE = NUMSEL THEN
IF NUMERICSTYPE OR (LS$TYPE = ALPEASNUM) THEN
RETURN NSEDSMOVE;
CALL INVALIDSTYPE;
RETURN @3
END MOVESTYPES

GENSMOVE:PROC
DCL (ADDR1,EXTRA,LENGTH1) ADDRESS;

ADDSADDSLEN: PROC)
CALL CODESADTRESS(ADDR1);
CALL CODESADDRESS(L$ADDR);
CALL CODE$ADDRESS(LSLENGTT);
END ATDS$ACDSLENS

CODESFORSEDIT: PROCS
CALL ADDSADDSLEN;
CALL CODESADDRESS(GET$FCESADDR);
CALL CODE$ADDRESS(LENGTH1);

END CODESFORSEDIT

CALL LOADSLSID(MPP1);
CUR$SYM=VALUE(SP);
IF (ADDR1 := VALUE2(SP)) = @ THEN ADDR1 = GET$ADDRESS;
LENGTH1 = GET$LENGTH;
DO CASE MOVESTYPE;
/* ALPHA NUMERIC MOVE */

) [oH
IF LENGTH1 > LS$LENGTH TREN
EXTRA = LENGTH1 - LSLENGTH;
ELSE I0;
EXTRA = 0}
LSLENGTH = LENGTR1;
END;
CALL CODES$BYTE(MOV);
CALL ADDSADDSLEN;
" CALL CODESADDRESS(EXTRA);
END;
g; ALPHA NUMERIC EDITED */
1
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CALL CODESBYTE(MED);
CALL CODESFORSEDIT;

END;

/* NUMERIC MOVE */

DO;
| CALL LOAD$REG(2,MPP1);
g CALL STORESREG(SP);
END;
/* NUMERIC EDITED MOVE ®/

Do;
CALL CODES$BYTE(MNE);
CALL CODE$FORSEDIT;
CALL CODESBYTE(LS$DEC);
CALL CODESBYTE(GETS$DECIMAL);
1 END;
‘ END;
END GENS$MOVE;

e e S——;

CODE$GEN: PROC(PRODUCTION);
DCL PRODUCTION BYTE;
IF PRINT$PROD THEN
DO}
CALL CRLF;
CALL PRINTCHAR(POUND);
CALL PRINT$NUMBER(PRODUCTION);
ENL;
| DO CASE PRODUCTION;
; /* PRODUCTIONSH®
5 5 /% CASE @ NOT USEDL */
- /* 1 <P-DIV> ::= PROCEDURE DIVISION <USINGD
/* 1 <PROC-BODY>
Lo;

I e A I

COMPILING = FALSE;
IF SECTIONSFLAG THEN CALL LOADS$SECSLABEL;
END;
/* 2 <CUSINGDY ::= USING <ID-STRINGD
IF VALUE(MP - 1) = @ THEN
DO I =0 TO ID$PTR;
CURSYM = IDS$STACK(I);
_CALL SETSADDRESS(13 + I);
’

END
ELSE
DO}
CALL CODESBYTE(PAR);
CALL CODE$ADDRESS(ID$PTR + 1);
DO I =0 To IDSPTR;
CUR$STM = IDS$STACK(I)S
CALL CODESADDRESS(GET$ADDRESS);
END;
ENDS
/* 3 \! <EMPTYD>
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/*

/*
/%
/*
/*

/*

/®
/*

/%
/*
/*
/%

B iaitatas o U NUNUONPI

H /¥ NO ACTION REQUIRED =/

4 <ID=-STRING> ::= <ID>
IDSSTACK(IDSPTR := @) = VALUE(SP);

5 \! <ID=-STRING> <ID>
o H

IF(IDSPTR := IDPTR + 1) = 20 TEEN
DO;
CALL PRINTS$ERROR(IL’);
IDSPTR=19;
END;
END ID$STACK(IDSPTR)=VALUE(SP);
3 1}
6 <PROC-RODY) ::= {PARAGRAPH)
: /% NO ACTION REQUIRED */
” \! <PROC-BODY> <PARAGRAPE>
; /* NO ACTION REQUIRED */
8 <PARAGRAPED ::= KIDD> .
; /* NO ACTION REQUIRED */
9 \! <ID> . <SENTENCE-LIST>
DO;

IF SECTIONSFLAG = ¢ THEN SECTIONSFLAG = 235
CALL LOADSLAREL;

END;
10 \! <ID> SECTION .
DO;
IF sgCTION$FLAG<>1 THEN
03
IF SECTIONSFLAG = 2 THEN
CALL PRINTSERROR(’PF’);
SECTIONSFLAG = 13
ROLD4SECTION = VALUE(MP);
HOLDSSECSADDR = VALUE2(MP);
END;
END ELSE CALL LOADSSECSLABEL;
14
11 <SENTENCE-LISTY ::= <SENTENCED .
CALL CHESNXTSSENTENCE;
12 \! <SENTENCE-LIST)
12 {SENTENCED .
CALL CHESNXTSSENTENCE;
13  <SENTENCED ::= <IMPERATIVE>
H /* NO ACTION REQUIRED */
14 \! <CONDITIONAL)>
H /* NO ACTION REQUIRED */
15 \! ENTER <ID> <OPT-ID>
CALL PRINTSERROR(’NI’);
16  <IMPERATIVE) ::= ACCEPT <SUBID>
[+H
CALL LOADSLSID(SP);
CALL ONESADDRSOPP(ACC,LS$ATDR);
CALL CODESBYTE(LSLENGTRE);
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/*
/*

/*

Vi
/=

/*
/%

/*
/*

CRRNRp—

=

/*
/*
/™

tardanill it a8

END;

END;
DO

END;
H

7 \! <APITHMETIC)
/* NO ACTION REQUIRED */
18 \! CALL <CALL-LIT> <USING>

CURSYM = VALUE(MPP1);
CALL CODE$BYTE(SBR);
POI =1 TO &;
IF I <= GET$PSLENGTE THEN
CALL BYTESOUT(SYMBOL(STARTSNAME + I));
FLSE CALL BYTES$OUT(20H);
ENDS
CALL INCS$COUNT(6);

19 \! CLOSE <CLOSE-LST>

DCL TYPE BYTE;

IF ((TYPE := GETSTYPE) > @) AND (TYPE < S) THEN
CALL 0NE$ADDR$OPP(CLS.:dT$FCB$ADDR)'

ELSE CALL PRINTS$ERROR(’CE’);

19 \! <FILE-ACT>
/* NO ACTION REQUIRED
21 \! DISPLAY <DISPLAY-LST>
/* NO ACTION REQUIRED */
22 \! DISPLAY <DISPLAY-LST> WITE
22 NO ADVANCING
/* NO ACTION REQUIRED-NOT IMPLEMENTED */
23 \! EXIT <PROGRAM-ID>

L
~

CALL CODE$BYTE(EXT):

\! GO <ID>

CALL 0NE$ADDR$OPP(BRN LABEL$ADDR(VALUE(SP),1));

DO}

END}

25 \! GO <ID-STRING> DEPENTING
25 <1D>

CALL CODES$BYTE(GDP);
CALL CODES$BYTE(IDSPTR + 1);
CURSSYM = VALUE(SP);
CALL CHKS$UDSVAR(SP);
CALL CODESBYTE(GETSLENGTH);
CALL CODESADDRESS(GET$ADDRESS )}
DO CTR = @ TO IDSPTR;
CALL CODES$ADDRESS
(LABELSADDRSOFFSET(IDSSTACK(CTR),1,2));
END;

26 \! MOVE <LIT/ID> TO <SUBID>

CALL GEN$MOVE;

27 \! OPEN <ACT-LST>
/* NO ACTION REQUIRED */

*/
®/

*/

*/
*/

®/
®/

*®/
®/

%/ if
x/

28 \! PERFORM <ID> <TERU> <FINISHD>*/
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D03
DCL (ADDR2,ALDR3) ADDRESS;
IF VALUE(SP - 1) = @ THEN |
ADDR2 = LABEL$ADDR$OFWSET(VALUA(PPPI) z): :
ELSF ADDR2 = LAPFLSADDRSOFFSET(VALUE(SP-1),0,3);
IF (ADDRZ := VALUE2(SP)) = @ THEN
ADDR3 = NTEXTSAVAILABLF + 73 b
FLSE CALL BACKSTUFF(VALUE(SP),NEXTSAVAILARLF + 7); {
CALL ONESADDRSOPP(PER,LABELSADDR(VALUE(MPP1),1)):
CALL CODESADDRESS(ADDR2);
CALL CODFS$ADDRESS(ADDR3);
END;
/* 29 \! STOP <TERMINATE> */
i DO;
| IF VALUE(SP) = @ THEN CALL CODESBYTE(STP):
TLSE IP (VALUE(SP) < LITSSPACE) OR
(VALUE(SP) > LITS$ZFRO) TREN

Lo}
CALL ONESADDR$OPP(STD,VALUE2(SP)); i
CALL CODE$BYTE(CONSLENGTH)S E

CALL ONESADDR$OPP(STL,VALUE(SP));
CALL CODES$BYTE(1);
END;

Y . b SN .

END;

/¥ 30 <LCLOSE-LSTY ::= <ID> ¥/
; /* NO ACTION REQUIRED */ ‘

/% 21 \! <CLOSE=-LST> <ID> */ 1
H /* NO ACTION REQUIRED-NOT IMPLEMENTED %/

/* 32 <DISPLAY-LST) ::= <LIT/IDD */
CALL CODESFORSDISPLAY(SP)s

/* ) 33 \! <PISPLAY-LST> <LIT/ID> ®/
WH

DISPLAYSFLAG = TRUE:
o\ CALL CODESFORSDISPLAY(SP); |
H 4
/* 24  CACT-LST> ::= <TYPE-ACTIOND <OPEN-LST> %/
DO ;
DCL TYPE BYTF; - §
TYPE = GET$TYPE; \
I® (TYPE = 1 OR TYPF = 4) AND (VALU®(MP) ¢> 2) THFN g
CALL ONESADDRSOPP(OPN + VALUE(MP),CETSFCR4ADDR); @
ELSE ;
I? (TYPE = 2 OR TYPF = 3) THEN :
CALL ONF$ADDRSOPP(OPN + VALUE(MP),GETSFCR4ALDR)S :
oND: ELSE CALL PRINTSERROR(’OE’): ;
L)

/* 35 \! <ACT-LST> <TYPE-ACTION> ®/
/* 3& COPEN-LST> ®/

]
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/*
/%
/*

/*

/%
/*

/%
/%
/*
/%
/*

/¥

/*
/%

/*
/*

VA
/®

-0
~
L]

NO ACTICN REQUIRED-NOT IMPLEMENTED */
3€ COPEN-LST)> ::= <ID>

NO ACTION REQUIRED =*/

27 \! <OPEN-LST> <ID>

NO ACTION REQUIRED-NOT IMPLEMENTED */
e <FINISB> ::= <L/ID> TIMES

-9
~
#*

-e
~
3

DO
CALL LOADSLSID(MP);
CALL ONESADDRSOPP(LDI,L$ATDR);
CALL CODPESBYTFE(LSLENGTE);
CALL SETSVALUF2(NEXTSAVAILABLE);
CALL CNESADDR$OPP(LEC,®);
CALL SETSVALUT(NEXTSAVAILABLY);
CALL CODESADDRESS(9):
END:
39 \! <STOPCONLITION>
CALL XEEPSVALUESS
40 \! <VARYING> CITERATION)
40 <STOPCONDITIOND
CALL KEEP4VALUES;
a1 \! <EMPTY>
H /* NO ACTION REQUIRED */
42  <¢STOPCONDITIOND> ::= UNTIL <CONDITIOND
CALL KEEPSVALUES;
43  <VARYINGD ::= VTARYING <SUBIDD
CALL KEEPSVALUES;
44  CITERATIOND ::= <FROM> <BY>
: /* NO ACTION REQUIRED */
45 <FROM)> ::= FROM <L/IDD>
DO
CALL LOAD$REG(2,SP)3
CALL STORESREG(MP - 1);
END;
46 <BY) ::= BY <L/ID>
DO;
CALL LOADSREG(G,MP - 2);
CALL LOADSREG(1,SP);
CALL CODESRYTE(ADD);
CALL STORESREG(MP - 2);
FND;

47  <CCONDITIONAL)> ::= <ARITHMETIC> <SIZE-ERRCR>

47 <IMPERATIVED>

CALL BACKSCOND;
48 \! CFILE-ACT)> <INVALID>
48 <IMPERATIVED

CALL BACKS$COND;
49 \! <READ-ID> <SPECIAL>
49 CIMPERATIVE)

CALL BACKS$COND;
50 \! <IF-NONTERMINAL>

®/
*/
*/

*/
*/

*/

*/
®/

*/
®/

*/
®/

*/

50 <CONDITION> <IF-LST> <ELSE>*/




/*

/*
/%
/*
/*

/*

/*

/*
/*

/*
/%

/*
/*

/*
/*

/*
/*

»
Vi
/%

/*
/%

/*
/*

58 {IF-LST> END-IF */

DO;
CALL BACKSTUFF(VALUE(MPP1),VALUE2(SP - 3));
CALL BACXSTUFF(VALUE(SP - 3),NEXTSAVAILABLY);
END;

51 \! <IF=-NONTERMINALD> ®/
51 <CONDITIOND ®/
51 <IF-LST> END-IF ®/
CALL BACKSTUFF(VALUE(MPP1) ,NEXT$AVAILARLE);
52 KIF=-LSTD ::= {STMT-LST> */
H /* NO ACTION REQUIRED */
53 \! NEXT SENTENCE ® /
DO;
CALL ONESADDR4OPP (BRN,NEXTSADDRESS);
NEXT$ADDRESS = NEXTSAVAILABLE - 2;
END;
b 54 <ELSEY ::= ELSE */
0:
VALUE(SP - 1) = NEXTSAVAILABLE + 1;
CALL ONESADDRSOPP(BRN,D);
VALUE2(SP = 1) = NEXT$AVAILABLE;
END;
55 <ARITHMETIC) ::= ADD <ADD-LST> TO <SUBIDD */
55 <ROUND) */
CALL ADD$SUB(9);
56 \! ADD <ADD-LST)> GIVING <SUBID>*/
56 <ROUND> */
DO;
IF VALUE(MP) = @ THEN CALL PRINTSERROR('IG’);
CALL ROUNDS$STORE;
END;
57 \! DIVIDE <L/ID> INTO <SUBID> */
57 <ROUNDD> */
CALL MULTSDIV(1);
58 \! DIVIDE <L/ID)> BY <SURID> */
58 GIVING <SUBID)> <ROUNDD> ®/
CALL PRINTSERROR(’NI’);
59 \! DIVIDE <L/ID> INTO <{SUBID> =/
GIVING <SUBID> <ROUNDD> */
CALL PRINTSERROR(’NI’);
69 \! MULTIPLY <L/ID)> BY <SUBID> =/
60 <ROUND> ®/
CALL MULTSDIV(®);
61 \! MULTIPLY <L/ID> BY {SURID> =/
61 GIVING <SUBID> <ROUND> ®/
CALL PRINTSERROR('NI’);
62 \! SUBTRACT <SUB-LST> FROM »/
62 <SUBID> <ROUNI> */
CALL ADDS$SUB(1);
63 \! SUBTRACT <SUB-LST> GIVING ®/
63 <SUBID> <ROUNDD ®/
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DO

IF VALUE(MP) = @ THFN CALL PRINTSERROR(‘IG’);
- CALL ROUND$STORE;
’
/* 64 \! COMPUTE <SUBID> = <ARITH-EXP)>*/
CALL PRINTSERROR(’NI’);
/* 68  <ADD-LSTD ::= <L/ID> ®/ |
CALL LOADSREG(@,SP); ;
/* €6 \l <ADD-LST> <L/ID> ®/ b

DO}
CALL LOADS$REG(1,SP);
CALL CODE$BYTE(ADD);
CALL CODE$BYTE(STI);
VALUE(MP - 1) = 1j
END3
/* 67 <SUB-LST> ::= <L/ID> */
CALL LOADS$REG(2,SP);
/* 68 ! <SUB-LST <L/ID> */
DO;

CALL CODES$BYTE(AD
CALL CODESBYTE(ST
VALUE(MP - 1) = 1;

B TR S SSCILET A0 L4 a g R s

\
CALL LOAD$REG(1.S;;E
1)

END; :

i /% 69 <ARITH-EXPD ::= {TERMD ®/ *

/* NO ACTION REQUIRED-NOT IMPLEMENTED */ e

! /% 70 ~ \! <ARITH~EXP> + <TERM> */ :
/% NO ACTION REQUIRED-NOT IMPLEMENTED */

/* 71 \! <ARITH-EXPD> - <TERMD ®/
/* NO ACTION REQUIRED-NOT IMPLEMENTED */

/* 72 \! + <TERMD ®/
/* NO ACTION REQUIRED-NOT IMPLEMENTED */

, /* 73 \! - <TERM> */
i H /* NO ACTION REQUIRED-NOT IMPLEMENTED */

! /* 74 CTERMD> ::= <PRIMARY> %/
‘ /* NO ACTION REQUIRED-NOT IMPLEMENTED */

/* 75 \! <TERMD> * <PRIMARY) ®/
/* NO ACTION REQUIRED-NOT IMPLEMENTED */

/* 76 \! <TERMD / <PRIMARY> */
/* NO ACTION REQUIRED-NOT IMPLEMENTED */

/* 7?7 <PRIMARY) ::= <PRIM-ELEMD */
/% NO ACTION REQUIRED-NOT IMPLEMENTED */

/* 78 \! <PRIMARY> *= (PRIM-ELT™> */
H /* NO ACTION REQUIRED-NOT IMPLEMENTED */

/* 79  CPRIM=ELEMD> ::= <L/ID> %/
; /® NO ACTION REQUIRED-NOT IMPLEMENTED */

; /* 80 \! ( <ARITH-EXP)> ) ®/
; /* NO ACTION REQUIRED-NOT IMPLEMENTED */

/* 81 <PILE-ACTY ::= DELETE <ID> ®/

CALL DELETESASFILE;
/* 82 \! REWRITE <II> %/

-e

-e
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CALL REWRITE$ASRECORD;

/* 83 \! WRITE <IDD> <SPECIAL-ACT> %/
CALL WRITESASRECORD;
/* 84 CCONDITIOND> ::= <ETERM) ®/
H /* NO ACTION REQUIRED */
/* 85 \! <CONDITION> OR <BTERM> */
A H /® NO ACTION REQUIRED~NOT IMPLEMENTED */
3 /* 86 <BTERM> ::= <BPRIM> %x/
I H /* NO ACTION REQUIRED =/
/* 87 \! <BTERMD> AND <BPIRM ®/
H /* NO ACTION REQUIRED-NOT IMPLEMETEL */
' /* 88 <BPRIMD ::= <LIT/ID> %/
§ ) /* N0 ACTION REQUIRED */
. /% D0 89 \! <LIT/ID> <NOT> <COND-TYPE> x/
?
L IF IFSFLAG TEEN

DO}
IFSFLAG = NOT IFSFLAG: /* RESET IFSFLAG */
CALL CODES$BYTE(NEG);
END;
CALL GENSCOMPARE;
H END;}

/* 92 \!t ( <BTERM> ) ¥/
3 H /* NO ACTION REQUIRED-NOT IMPLEMENTED */

/* 91 <COND-TYPE> ::= NUMERIC */
CONDSTYPE = 3j

/* 92 \! ALPEABETIC 4
CONDSTYPE = 4j

/* 93 \! <COMPARE> <LIT/II> *®/
CALL KEEPSVALUES;

/* 94 <NOT> ::= NOT */

IF NOT IFSFLAG THEN
CALL CODESBYTE(NEG);

ELSE IPSFLAG = NOT IFSFLAS; /* RESET IFSFLAG */
/* 95 \! <EMPTY> %/
; /% NO ACTION REQUIRED */
/* 96  <COMPARED ::= GREATER */
CONDSTYPE = 03
/* o7 \t LESS =/
f CONDSTYPE = 1;
: /* 98 \! EQUAL ®/
CONDSTYPE = 23
/* 99 \ D ®y
CONDSTYPE = 23
/* 100 \! < ®/
CONDSTYPE = 13
/* 101 \! = *®/
CONDSTYPE = 2;
/* 102 <ROUNDD ::= ROUNDED ®/
CALL SETS$VALUE(1);
/* 103 \! <EMPTY> ®/
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H /* NO ACTION REQUIRED */

/* 104 <TERMINATE)> ::= <LITERALD */
: /* NO ACTION REQUIRED */

/* 105 \! RUN ®/
H /* NO ACTION REQUIRED - VALUE(SP) ALREADY ZERO =/

/* 106 <SPECIALD ::= INVALIDD */
; /* NO ACTION REQUIRED */

/* 107 \! END ®/
DO

CALL SETS$VALUE(2);
CALL CODES$RYTE(EOR);
CALL SETS$BRANCH;

END; {
/* 108  <OPT-ID)> ::= (SUBIDD> ®/ g
H /* VALUE ANT VALUE2 ALREALY SET */ y
/* 109 \I<EMPTYS %/ ;
; /* VALUE ALRFADY ZERO */
/* 110  <¢STMT-LST> ::= <IMPERATIVED */
: /* NO ACTION REQUIRED */ "
/* 111 \! <STMT-LST> <IMPEFRATIVE) */ j
: /® NO ACTION REQUIRED */ E
/* 112 \! <CONDITIONAL> %/
; /* NO ACTION REQUIRED */
/* 113 \! <STMT-LST)> <CONDITIONAL> ®/ :
H /* NO ACTION REQUIRED */ !
/* 114  CTHRU> ::= TERU <ID> */ |
CALL KEEPS$VALUES; ;
/* 118 \! <EMPTI) ®) ?
; /® NO ACTION REQUIRED */
/* 116 <INVALID) ::= INVALITD */ 1
DOs
CALL SETSVALUE(1); §
CALL CODESBYTE(INV); i
CALL SETS$BRANCE;
END;
/* 117 <(SIZE-ERRORD ::= SIZE ERROR %/
DO;
CALL CODES$RYTE(SER); !
CALL UNRES$BRANCEH; g
END; i
/* 118  <SPECIAL-ACT) ::= (WEFND> ADVANCING <EBOW-MANYD ®=/ '
CALL KEEPS$VALUES; /* CARRAGE CONTROL =/
/* 119 \! <EMPTY> ®/
H /* NO ACTION REQUIRED */
/* 1290 CWHEN) ::= PEFORE * y
WRITESBEFORE = TRUE; /* CARRAGE CONTROL =/ i
1 /* 121 \! AFTER =/ t
VRITESAFTER = TRUE; /* CARRAGE CONTROL =/ :
/* 122 <ROW-MANY> ::= {INTEGERD ®/
; /® NO ACTION REQUIRED */
! /* 123 \! PAGE ® /
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CALL SET$VALUE(101); /* CARRAGE CONTROL */ :

/* 124 <TYPE-ACTINND ::= INPUT ®/ i
: /®* NO ACTION REQUIRED - VALUE(SP) ALREADY ZERO */ f

/% 125 \! OUTPUT */ §
CALL SETSVALUE(1); !

/* 126 \! I-0 */ 5
CALL SET$VALUE(2); ]

/* 127 <SUBID> ::= (SUBSCRIPT> %/ £
H /* VALUE AND VALUE2 ALREALY SET */ ke

/* 128 \! <ID> */ i
CALL CHES$UDSVAR(SP); ;

/* 129 <INTEGERD ::= <INPUTD */ {
CALL SET$VALUE(CONVERTSINTEGER); :

/* 0 136 <ID) ::= <INPUT> ®/ v
H #

CALL SFTSVALUE(MATCH);
IF GETSTYPE = UNRESOLVED THEN
CALL SETSVALUE2(NEXTSAVAILABLE);
END;
/* 131 <L/1D> ::= KINPUT> %/

D03
IF NUMERICSLIT THEN

]
¢
DO; i
CALL SETSVALUE(NUMERICSLITERAL); !
CALL SETSVALUE2(STORESCONSTANT); )
END; f
ELSE
DO;
CALL SETSVALUE(MATCH);
CALL CHXS$UDSVAR(MP); ]
END; :
END; g
/* 132 \! <SUBSCRIPT> %/ )
; /* NO ACTION REQUIRED */ =
/" 133 \! ZERO %/ ‘
CALL SETSVALUE(LITS$ZERO); ;
/* 134 C(SUBSCRIPTD ::= <ID> ( <SUBSCRIPT-LSTD ) */ i
CALL CHECX$SUBSCRIPT; ;
/% 135  (SUBSCRIPT-LST> ::= <INPUTD “/ 5
H /* NO ACTION REQUIRED */ :
/* 136 \! <SUBRSCRIPT-LST> , <INPUT> x/ ?
CALL PRINTSERROR(’NI’);
/* 137  (CALL-LIT) ::= <LIT */
CALL SETSVALUE(MATCH);
/* 2o 138  CNN=LIT> ::= CLID x/
’

F ALPEASLITSFLAC = ALPHASLITS i
CALL SETS$VALUE(NONSNUMERICSLIT);
- CALL SETS$VALUE2(STORESCONSTANT);
ND;
/* 139 \! SPACE */
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CALL SET$VALUE(LITS$SPACE);

/* 140 \! QUOTE /
CALL SET$VALUE(LIT$QUOTE);
/* 141  CLITERAL) ::= (NN-LIT> */
5 /% NO ACTION REQUIRED */
% e 12 \1 <INPUT> */ :
; .
IF NOT NUMERICSLIT THEN CALL INVALID$TYPE; )

CALL SETSVALUE(NUMERICSLITERAL);
CALL SETSVALUE2(STORESCONSTANT); ]

END;
/* 143 \! ZERO %/
CALL SET$VALUE(LIT$ZERO);
/* 144 <LIT/IDD ::= <L/IDD */
; /* NO ACTION REQUIRED */ .
/* 145 \! <NN-LITD Y §
; /* NO ACTION REQUIRED */ &
/* 146 <PROGRAM-IL> ::= <II> x/ ;
CALL CODE$BYTE(EXT);
/* 147 \! <EMPTY) ®/
: /* NO ACTION REQUIRED */
/* 148 <READ-IDD ::= READ <IDD */
CALL READSASFILE;
/* 149 CIF-NONTERMINALS> ::= IF x/
IP$FLAS = TRUE; /% SET IF$FLAG */

END» /* END OF CASE STATEMENT */
END COLES$GEN;

GETIN1: PROC ADDRESS;
RETURN INDEX1(STATE);
END GETIN1S

GETIN2: PROC BYTES
RETURN INDEX2(STATE);
END GETINZS

INCSP: PROC;
VALUE(SP := SP + 1),VALUE2(SP) = @; /* CLEAR THY STACK */ |
IF SP D= PSTACKSIZE TEEN CALL FATALS$ERROR(‘SO°); ;
END INCSP; ]

LOOKAHEAD: PROC)
IF NCLOOK THEN
DO}

CALL SCANNER;
NOLOOK = FALSE;
17 PRINT$TOKEN THEN

DO; :
CALL CRLF; '

CALL PRINT$NUMBER(TOKEN);
CALL PRINTSCEAR(’ °);

2€6




CALL PRINTSACCUM;
ENDS

END}
END LOOKABEAD;

NOSCONFLICT: PROC (CSTATE) BYTE;
DCL (CSTATE,I,J,X) ADDRESS;
J = INDEX1(CSTATE);
K =J + INDEX2(CSTATE) - 13
DO I = J TO Kj
- IF READ1(I) = TOKEN THEN RETURN TRUE;
ENDS
RETURN FALSE;
END NOSCONFLICTS

RECOVER: PROC BYTEj}
DCL TSP BYTE, RSTATE ADDRESS;
DO FOREVER;
TSP = SP3

DO WHILE TSP <> 255)
IF NOSCONFLICT(RSTATE := STATESTACK(TSP)) TFEN

DO} /¥ STATE WILL READ TOKEN */
IFP SP <> TSP THEN SP = TSP - 1j
RETURN RSTATES :

END;
TSP = TSP - 1;
END; |
CALL SCANNER; /* TRY ANOTEER TOKEN */
END;

END RECOVER;
/¥ * =% % = PROGRAM EXECUTION STARTS HERE * * =%/

/* INITIALIZATION */
TOKEN = 8@; /* PRIME THE SCANNER WITH -PROCETURE- */
CALL MOVE(PASS1$TOP -~ PASS1$LEN,.DEBUGGING,PASS14LEN);
LISTSENL = .LIST$BUFF + 1273
LIST$PTR = ,LIST$BUFF + LIST$PTR;
OUTPUTSEND = .OUTPUT$BUFF + 127;
OUTPUTSPTR = .OUTPUT$BUFF + OUTPUTSPTR;}
CALL PRINTSERROR(FALSE); /* INITIALIZE ERROR MSG CUTPUT */

/* ® % ® ¥ % % PARSER * * % % & %/

DO WHILE COMPILING;
17 SngE <= MAXRNO THEN /* READ STATE */
03
CALL INCSP;

STATESTACK(SP) = STATE; /* SAVE CURRENT STATE */

CALL LOOKAHEAD:
I = GETINI}
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J =1 + GETINZ - 1}
DOl =1T0J;
IF READ1(I) = TOKEN THEN

DO;
IF (TOXEN = INPUTS$STR) OR
(TOKEN = LITERAL) THEN
DO K =0 TO ACCUM(@2);
VARC(K) = ACCUM(E);
END;

STATE = READ2(I);
NOLOOK = TRUE;
1 =J
END;
ELSE IF I = J THEN
ro;
CALL PRINTSERROR(’NP’);
CALL PRINT(.(° ERROR NEAR $7));
CALL PRINTSACCUM;
IF (STATF := RECOVER) = @ TEFN
COMPILING = FALSE;
END; /% END OF IF I = J =/
END; /* ENDOF I =1 TO J */
END; /* END OF READ STATE */
ELSE IF STATE > MAXPNO TEEN /* APPLY PRODUCTION STATE */
DO;
MP = SP - GETIN2;
MPP1 = MP + 1;
CALL CODESGEN(STATE - MAXPNO);
SP = MP;
I = GETIN1;
J = STATESTACK(SP);
DO WHILE (K := APPLY1(I)) <> 23 AND J < K3
I =1+1;
END;
IF (K := APPLY2(I)) = @ THEN COMPILING = FALSE;
STATE = K3
END;
ELSE IF STATF <= MAXLNO THEN /*LOOKAEEAD STATE*/
D03
1 = GETIN1;
CALL LOOKAHEAD;
DO WBILE (X := LOOK1(I)) <> @ AND TOKEN <> Ki
I1=1+1;
END;
STATE = LOOK2(I);
END;
ELSE DO; /*PUSR STATES*/
CALL INCSP;
STATESTACK(SP) = GETIN2;
STATE = GETIN1;
END;




END; /* OF WEILE COMPILING */

CALL CODES$BYTE(TER);
CALL ADDRSOUT(MAXSINTSMEM);
IF NOT NOSCODE THEN
D03
CALL WRITESOUTPUT(.OUTPUT¢BUFF,.OUTPUTSFCB);
) CALL CLOSE(.OUTPUTS$FCB);
END;
CALL CHECKSUNRESOLVED;
CALL CRLF;
CALL DCRLF;
DOI =0 TO 4;
CALL PRINT$CBAR(ERRORSCTR(I));
CALL WRITES$TOSDISK(ERRORSCTR(I));
END;
CALL PRINT(.(’ PROGRAM ERROR(S)$”"));
DO WHILE LISTS$PTR < LISTS$END;
CALL WRITESTOSDISK(’ “);
END;
CALL WRITESTOSDISK(® )3
CALL CLOSE(.LISTSFCR);
CALL BOOT;
END;
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COMPUTER LISTING FOR MODULE CINTERP NPS MICRO-COBCL

$ TITLE(’NPS MIRCO-COBOL COMPILER INTERP’) PAGEWILTF(8@)
PAGELENGTH(E2)
INTERP: DO;
/* COBOL COMPILER-INTERPRETER *®/
/* NORMALLY LOCATED AT 103H */

/% GLOBAL DECLARATIONS AND LITERALS */

DECLARE DCL LITERALLY ‘DECLARE’,
LIT LITERALLY ‘“LITERALLY’;
DCL CR LIT ‘13°,
FALSF LIT ‘27,
FOREVER LIT WEILE TRUE’,
LY LIT ‘10°,
PROC LIT PROCEDURE”,
SER LIT 42, /% CODE FOR SIZE ERROR */
TAB LIT ‘Q9E”,
TRUF LIT ‘17,
20NE LIT ‘QRR’;
/* UTILITY VARIABLES */
DCL ASCTR ADDRESS,
BASE ADDRESS,
BOOTER ADDPESS INITIAL (@P@QH),
BSADDR BASED BASE (1) ADDRFSS,
B$RYTE BASED BASE (1) PYTE,
CALLSBASE ADDRESS,
CALLSPTR BASED CALLSBASE (1) ADDRESS,
CALLSTOP ADDRESS,
CTR BYTE,
CTR1 BYTE,
ERRORSCTR(5) BYTE INITIAL (° eg’),
BOLD ADDRESS,
FSADDR BASED ROLD (1) ALDRESS,
HSBYTE BASED ROLD (1) BYTE,

BISFREESMEM ADDRESS,
LOWSFREESMEM ADDRESS,

FISOFFSET ADDRESS INITIAL (@},
LOWSOPFSET ADDRESS INITIAL (@),
INDEX BITE,

RTNSBASE ADDRKSS,

RTNSPTR BASED RTN$BASE (1) ADDRESS,

/* CODE POINTERS */
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CODESSTART ADDRESS INITIAL(35@08),
PROSRAMSCOUNTER ADDRTSS,

C$ADDR BASED PROGRAMSCOUNTER(1) ADDPESS,
C$BYTE BASED PROGRAMSCOUNTER(1) EBYTE,
MAX$MEMORY ADDRESS INITIAL(@B10@R); P
/% % x ® %  GLOBAL INPUT AND OUTPUT ROUTINES * * % x x/ : {
DCL
CURRENTS$FCB ADDRESS,
STARTSOFFSET LIT ‘373

MON1: PROC (F,A) EXTFRNAL;
DCL F BYTE, A ADDRESS;
END MON1;

MON2: PROC (F,A) BYTE FXTERNAL;
DCL ¥ RYTE, A ADDRESS;
END MON2;

T RGN LA Yo WA

PRINTSCRAR: PROC (CBAR);
DCL CHAR BIYITF;
CALL MON1 (2,CHAR)S
END PRINTSCHARS

<

CRLF: PROC;
CALL PRINTSCEHAR(CR)
CALL PRINTSCEAR(LF)
END CRLF;

PRINT: PROC (A)3
DCL A ADDRESS;
CALL CRLF;

CALL MON1(9,A);

END PRINT;

READ: PROC(A)S
DCL A ADDRESS;
CALL MON1(10,A);
END READ;

PRINTSERROR: PROC (CODE);

DCL CODE ADDRESS, I BYTF, TEN LIT “39E°;

CALL CRLF;

CALL PRINTSCEAR(HIGH(CODE)):

CALL PRINTSCBAR(LOW(CODE)):

1'49 3

DO WEILE (ERRORSCTR(I) := ERRORS$CTR(I) + 1) = TFN; |
FRRORSCTR(I) = ‘07
IF I > O THEN

e R L T T Ry AT
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IF ERRORSCTR(I :=1 - 1) = ° “ THEN 3
ERRORSCTR(I) = “8° "3 ¥

END; by

END PRINTSERROR; 3

PATALSFRROR: PROC(CODE);
DCL CODE ADDRESS;
CALL PRINTSERROR(CODE);
CALL MON1(9,.(° FATAL ERRORS”));
CALL BOOTER;
END FATALSERRORS

SETSDMA: PROCS

CALL MON1 (26, CURRENTS$FCB + STARTSOFFSET);
END SET$DMAS

Tk

T

2. Wy

- e e e e - =g e Y
P - T N

OPEN: PROC (ADDR) BYTE; N
DCL ADDR ADDRESS, RET BYTE; |
CALL MON1 (26,80H): i
RET = MON2(1%,ADDR); £
CALL SET$DMA; /* RESET BUFFER */ :
RETURN RET; |

END OPEN;

CLOSE: PROC (ADDR);
DCL ADDR ADDRESS;
CALL MON1 (2€,802H);
IP MON2(16,ADDR) = 255 THEN CALL FATALSERROR(’CL’);
CALL SET$DMA; /* RESET BUFFER */
END CLOSES

DFLETE: PROC;
CALL MON1(19,CURRENTSFCB);
END DFLETES

MAKE: PROC (ADDR);
DCL ADDR ADDRESS: ,
IF MON2(22,ADDR) = 255 THEN CALL FATALSERROR('ME’);
END MAKF;

DISK$READ: PROC BYTE;
RSTURN MON2(20,CURRENTS$FCB):
END DISKSREAD;

DISKSWRITE: PROC BYTE; ,
RETURN MON2(21,CURRENT$FCB); ‘
END DISKSWRITE;

/% ® % % % % * % * % UTILITY PROCEDURES #* * * % % % ® % % %/
DCL
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SUBSCRIPT (8) ADDRESS

RES: PROC(ADDR) ADDRESS;
/* TBIS PROC RESOLVES TEE ADDRESS OF A SUBSCRIPTED
IDENTIFIER OR A LITERAL CONSTANT */
DCL ADDR ADDRESS,
I BYTE;

IF ADDR > 22 TEEN
IF ADDR > EISFREESMEM THEN RETURN ADDR - HISCFFSET;
ELSE RETURN ADDR + LOWSOFFSET;

IF ADDR < 8 THEN RETURN SUBSCRIPT(ADDR);

IF ADDR > 12 TEEN RETURN CALLSPTR(ADDR - 12);

LO CASE ADDR - 1@
RETURN .(° °
RETURN .(27%
RETJRN .(‘9°

END;

RETURN 23
END RESS

)3
)3
):

MOVE: PROC(FROM,DESTINATION,COUNT);
DCL (FROM,DESTINATION,COUNT) ADDRFSS,
(F BASED FROM, D BASED DESTINATION) BYTE;
DO WHILE (COUNT := COUNT - 1) <> OFFFFE;
= F
FROM = FROM + 13
DESTINATION = DESTINATION + 13
ENDjs
END MOVES

PILL: PROC(DESTINATION,COUNT,CHAR);
DCL (DESTINATION,COUNT) ADDRESS,
(CBAR,D FASED DESTINATION) BYTE:
DO WHILE (COUNT := COUNT - 1) <> @FFFFH;

D = CHAR;
DESTINATION = DESTINATION + 13
END3
END FILL;

FILLER: PROC BYTE;
IFP CSADDR(1) = @BH THEN RETURN 27H; ~
FLSE IF csADDngl) = @CK THFN RETURN ‘9°; .
ELSE RETURN :
END FPILLER;

CONVERT4TOSHEX: PROC(POINTER,COUNT) ADDRESS;
DCL POINTER ADILRESS, (COUNT,CEAR,CTR) BYTE:
ASCTR = 03
BASE = POINTER;

DO CTR = @ TO COUNT - 1;
IP ((CEAR := BS$BYTE(CTR)) = ’~’) OR
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((CYAR - ZONF D>= “2°) AND
(CEAR - 20NE <= “9°)) THEN RETURN ASCTR := @
IF CFAR = “.° THEN RETURN ASCTR;
IF CRAR <O ‘+° THEN
ASCTR = SHL(A$CTR,3) + SEL(A$CTR,1) +
(CEAR - “2°);
END;

RETURN ASCTR;
END CONVERTSTOSEEXS

/¥ % % % » x % % ¥ CODE CONTROL PROCEDURES * * * = *x % % % x/
DCL BRANCHSFLAG BYTE INITIAL(FALSE):

INC$PTR: PROC (COUNT);
DCL COUNT BYTE;

PROGRAMSCOUNTER = PROGRAMSCOUNTER + COUNTS
END INCSPTR;

GETSOP$CODE: PROC BYTE;
CTR = C$BYTE(Q);}
CALL INCSPTR(1);
RETURN CTR;

END GET$OPS$CODE;

CONDSBRANCH: PROC(COUNT);
/* TR1S PROC CONTROLS BRANCHING INSTRUCTIONS */
DCL COUNT BYTE;
IF TRRANCHSFLAG THEN
D03
BRANCHSFLAG = FALSE;
PROGRAMSCOUNTER = C$ADDR(COUNT);
END;
ELSE CALL INCSPTR(SEL(COUNT,1) + 2);
END CONDSBRANCH;

INCRSORSBRANCH: PROC(MARK):
DCL MARK BYTE;
IF MARK THEN CALL INCSPTR(2);
ELSE PROGRAMSCOUNTER = CS$ALDR(Q);
END INCRSORSBRANCH;

/*******#****COMPARISONS*#*****##*##/

CRARSCOMPARE: PROC BYTES
DCL ASADDR ADDRESS;
ASADDR = FILLER;
I? CSADDR(1) > @9H AND C$ADDR(1) < @DE THEN
DO ASCTR = @ TO C$ADDR(2) - 13
IP BSBYTE(ASCTR) > ASADDR THEN RETURN 13
TP BS$BYTE(ASCTR) < AS$ADCR THEN RETURN @:
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"DO ASCTR = @ TO C$ALDR(2) - 13
IF BSBYTE(ASCTR) > HSBYTE(ASCTR) TEEN RETURN
IF BSBYTE(ASCTR) < HSRYTE(ASCTR) THFN RETURN
END:
RETURN 23
END CHARSCOMPARE;

NUMERIC: PROC(CHAR) RYTE;

DCL CEAR BYTF;

RETURN (CHAR >= “2°) AND (CHAR <= ‘9°);
END NUMERIC;

LFTTER: PROC(CHAR) BYTE;

DCL CHAR BYTF;

RETURN (CHAR >= “A”) AND (CHAR <= “2°);:
END LFTTER;

SIGN: PROC(CFAR) BYTE;

DCL CHAR BYTE;

RETURN (CHAR = “+”) OR (CHAR = ’-’);
END SIGN;

CBK$SSNUM: PROC(BASE) BYTE;
DCL BASE ADDRESS,
B$BYTE BASED BASE (1) BYTE,
(I,LENGTE) BYTE;
DOI =1 TO (LFNGTH := C$ADDR(2) - 1) - 1}
5 IF NOT NUMERIC(BSRYTE(I)) THWEN RETURN FALSTF;
END;

IF NUMERIC(BSBYTF(€)) AND NUMFRIC(BSBYTE(LENGTE)) THEN

RETURN FALSE;
CALL MOVE(BASE,.R@,LENGTH + 1)
IP NUMERIC(BSBYTE(@) - ZONE) AND
NOMERIC (BSRYTF(LENGTE)) THEN
RO(@) = RE(®) - ZONE:
ELSE IF NUMERIC(BSBYTE(@)) AND
NUMERIC (R$BYTE(LENGTH) - ZONE) THEN
RG(LENGTH) = RO(LENGTH) - ZONE;
ELSE RETURN FALSFS
RETURN TRUE;
END CEK$SSNUM;

STRING$COMPARE: PROC(PIVOT);
DCL PIVOT BYTE;
HOLD = RES(CSATDR(1));
I® CHY$SSNUM(BASF := RES(C$ADDR(2))) THEN BASF = .R@
FLSE IF CAXSS$NUM(HOLD) THEN BOLD = .RO;
IF CBARSCOMPARE = PIVOT THEN
BRANCHSPLAG = NOT BRANCHSFLAG:
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CALL COND4BRANCH(3)$

END STRINGSCOMPARE;
COMP$NUMSUNSIGNED: PROCH

END

BASE = RES(CSALDR(2));
DO ASCTR = @ TO C$ATDR(1) - 13
IF NOT NUMFRIC(BSBYTE(ASCTR)) THEN

ASCTR = CSADDR(1) + 13
ENDS
IP ASCTR = CSADDR(1) TEEN BRANCHSFLAG = NOT PRANCHSFLACS
CALL CONDSBRANCH(2):
COMPSNUMSUNSIGNETS

COMPSNUMSSIGN: PROC;

END

DCL (CHAR,SIGNSFLAG) BYTF;
SIGNSFLAC = FALSF;
BASF = RES(C$ADDR(@));
DO ASCTR = @ TO CSADDR(1) - 1;
IF NOT NUMERIC(CHAR := BRS$BYTF(ASCTR)) TEEN
IP (ASCTR = @) OR (ASCTR = C$ADDR(1) - 1) THEN
IF (SIGN(CEAR) OR NUMFRIC(CHAR-ZONW)) AND
NOT SIGNSFLAG THEN
SICNSFLAG = TRUE:
ELSE ASCTR = CS$ADDR(1) + 13
5 ELSE ASCTR = C$ALDR(1) + 1:
FND;
IF ASCTR = CSADDR(1) THEN BRANCHSFLAG
CALL CONDSBRANCH(2);
COMPSNUMSSIGN;

NOT BRANCHSFLAG;

COMPSALPHA: PROC;H

END

/*****##**

PCL

BASE = RES(CS$ADLR(Q));
DO ASCTR = @ TO C$ADDR(1) - 13
IF NOT LETTER(BSBYTE(ASCTR)) TREN
ASCTR = CS$ADDR(1) + 13}
ENDS
IF ASCTR = CSADDR(1) THEN BRANCHSFLAG
CALL CONDSBRANCE(2):
COMP$ALPHA:

NOT BPANCHSFLAGS

(rRO,R1,R2) (18) BYTE, /* REGISTERS */
DECSPTE BYTE,
DECSPT1 BYTE,
DEC$PT2 BYTE,

DEC$PTA(2) BYTE AT(.DFCS$PTR),

MOVESFLAG BYTE INITIAL(FALSE),

OVERFLOVY  BYTE,

R$PTR BYTE,

REGSLENGTH BYTE INITIAL(1Q),
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SIGN@(3) BYTE,

SWITCH BYTE,
TEMP BYTE,
NEGITIVE LIT ‘9°,
POSITIVE LIT ‘173

CHECKSFORSSIGN: PROC(CEAR) BYTES
DCL CHAR BYTE;
I®* NUMERIC(CHAR) THEN RFTURN POSITIVE;
IF NUMERIC(CEAR - ZONE) THEN RETURN NEGITIVE;
CALL PRINTSERROR(’SI’);
RETUPN POSITIVF;

END CHECK$FORSSIGN;

STORESIMMEDIATE: PROC;
DO CTR = @ TO 93
RO(CTR) = R2(CTR);
END:
DECSPT2 = DFC$PT2;
SIGN2(2) = SIGNO(2);
END STORESIMMEDIATES

ONFSLFFT: PROCS
DCL CTR BYTE;
IF SHL(BSBYTE(®).4) = @ OR MOVESFLAG THEN
D03
In CTR = @ TO REGSLENGTH - 2;
BSBYTE(CTR) = SHL(BSBYTE(CTR),4) OR
SHR(BSBYTE(CTR + 1),4);
END;
BSBYTE(REGSLENGTE - 1) =
SEL(B$BYTE(REGSLENGTH - 1),4);
END;

ELSE OVERFLOW = TRUE;
END ONESLEFT;

ONESRIGHT: PROC;
DCL CTR BYTE;
CTR = REGSLENGTH;
DO INDEX = 1 TO REGSLENGTH - 1j
CTR = CTR - 13
BSBYTE(CTR) = SHR(B$BYTE(CTR),4) OR
SHL(BSBYTE(CTR - 1),4)}
ENDj

B$BYTE(@) = SER(BSBYTE(@),4);
I® PS4BYTE(@) = Q9H THEN
BSBYTE(Q) = 99H;
END ONESRIGETS

SHIFTSRIGHT: PROC(COUNT);
DCL COUNT BYTES
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'O CTR = 1 TO COUNT;
CALL ONE$RIGHT;
END;}
END SHIFTSRIGET;

SHIFTSLE®T: PROC (COCNT):
DCL COUNT BRYTE;
OVERFLOW = FALSE:
IF COUNT = @ THEN
W H
CTR = 0}
RETURN;
END;
DO CTR = ¢ TO COUNT - 1}
CALL ONESLEFT;
oND IF OVERFLOW AND NOT MOVESFLAG THEN RETURN;
END SHIFTSLEFT;

ALLIGN: PROCS
DCL (X,Y) BRYTES
RIGHTS$OP:PROC (ADDR);
DCL ADDR ADDRESS;
IF OVERFLOW THEN
DO;
BASE = ADDR;
CALL SHIFTSRIGHT(Y := X - CTR);
OVERFLOW = FALSEj
FEND3
END RIGHTSOP;

Y = @3
IF DEC$PT@>DECS$PT1 THEN
DOs
BASE = .P13
CALL SEIFTSLEFT(X := DFC$PTQ - TCECSPT1);
DECS$PT1 = DECSPT1+CTR;
CALL RIGETS$OP(.PO);
DEC$PT@ = DEC$PT2 - Y;
ENDS
ELSE
DO}

BASE = .RO;
CALL SBIFTSLEFT(X := DECSPT1 - DFCS$PTQ);
DECS$PTO = DECSPTO+CTR;S
CALL RIGETS$OP(.R1);
DEC$PT1 = DECSPT1 - Y;
END;
END ALLIGNS

ADDS$TOSEND: PROC(CY):
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DCL (CY,I,J) BYTES

CTR = REGSLENGTF - 1;

DO J =1 TC REGSLENGTHS
I = BS$BYTE(CTR);
1 = DEC(I+CY);
CY = CARRY AND 1;
BSBYTE(CTR) = I}
CTR = CTR - 1}

] ENDS

1 END ADDSTOSEND;

ADD$RO: PROC(SECOND, DEST);

HOLD = SFCOND;

BASE = LESTS

CY = @35

CTR = REGSLENGTE - 1;

DO J =1 TO REGSLENGTE;
A = RG(CTR);
B = HSBYITE(CTR);
I = DEC(A+CY);
CY = CARRY;

1 = DEC(I + B);

BSBYTE(CTR) = I3
CTR = CTR - 13
ENDS

END ADDSRY;

COMPLIMENT: PROC(NUMB);
DCL NUMB BYTES

PO CASE NUMB;
ROLD = .ROj
AOLD = .R1S
HOLD = .R23
ENDS

END;
END COMPLIMENTS

s R2$2ERO: PROC BYTE;
‘ DCL I BYTES

THEN RETURN FALSE;
ELSE DO I =1 TO 8%

' END;
1 RETURN TRUE;

DCL (SECOND, DEST) ADDRFSS, (CY,A,B,I,J) BYTE;

CY = (CY OR CARRY) AND 13

IP CY THEN CALL ADDS$TOSEND(CY);

SIGNO(NUMB) = SIGN@(NUMB) XOR 1; /* COMPLIMENT SIGN */

1F (SAL(R2(®),4) <> 2) OR (SFR(R2(9),4) <> 9)

IF R2(1) <> @ TEEN RETURN FALSF;

X TP A
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DO CTR = @ TO RFGSLENGTE - 1;
E$BYTE(CTR) = Q9B - HSBYTE(CTR);
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END R2$ZFPO;

LEADINGS$ZEROES: PROC(ADDR) RYTE;
DCL COUNT BYTE, ADDR ADDRESS:
COUNT = @3 :
FAST = ADDR; §
DO CTR = @ TO 93 3

IF (R4BYTE(CTR) AND @F2F) <> @ THEN RETURN COUNT; .
COUNT = COUNT + 1; 1
IF (B$BYTE(CTR) AND OFE) <> @ THEN RFTURN COCUNT; ]
COUNT = COUNT + 13
END:
RETURN COUNT;
END LFADINGSZEROES;

CEECXSRESULT: PROC;
IF SER(R2(0),4) = 9 TEEN CALL COMPLIMENT(2);
BASE = .R2j
CALL ADDSTOSEND(OSE);
IF (SER(R2(@),4)<>@) AND (DEC$PT2 = @) THEN
OVERFLOW = TRUE;
ELSE
IF (SER(R2(@),4) <> @) THEN
v H

TR s B 1K Y >

CALL SHIFTSRIGHT(1); g
DEC$PT2 = DFCS$PT2 - 13 A
END;
B$RYTE(O) = BSBYTE(O) AND OFZH;
IF LEADINGS$ZEROES(.R2) > 19 THEN
SIGN@(2) = POSITIVE;
END CHECK$RESULT;

CEECKS$SICN: PROC;
SIGN3(2) = POSITIVE;
IP SIGNO(@) AND SIGNE(1) THEN RETURN:
IP (NOT SIGN@2(@)) AND (NOT SIGNZ(1)) THEN
DO;
SIGN@(2) = NEGITIVE; ;
RETURN; ;
END; ?
IF SIGNO(@) TEEN CALL COMPLIMENT(1):
PLSE CALL COMPLIVENT(@);
END CHECKSSICNS

CEECK$NUMERIC: PROC;
DCL I BYTE;
BASE = ,RJ)
PO I =0 TO 27;

I? NOT NUMERIC(SER(BSBYTF(I),4) OR '0'2 CR
NOT NUMERIC((BSBYTE(I) AND @FR) OR “0°) TPEN
CALL PRINTSERROR('NE’);
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- ENDS
? ’ . END CEFCK$SNUMERICS

CHFCKSDECIMAL: PROC; _
IF D§S$PT2<>(CTR ¢= CSBYTE(X)) THEN £
]
MOVESFLAG = TRUE; ¢
BASE = .R2;
IP DECSPT2 > CTR THEN CALL
SEIFTSRIGHT(DPCSPT2 - CTR);
ELSE CALL SHIFTSLEFT(CTR-DECSPT2);
MOVESFLAG = FALSE;
FND; ,
IF LEADINGSZEROES(.R2) < 19 - CSRYTE(2) TUEN
OVERFLOW = TRUE;
END CHECKSDECIMAL;

ADD: PROCS
CALL CHECK$NUMERIC;
OVERFLOW = FALSE;
CALL ALLIGN;
CALL CHECKS$SIGNS
DEC$PT2 = DECSPTQ;
CALL ADDRO(.R1,.R2); F
CALL CHECKSRESULT; §
END ADD; 1

ADDSSERIES: PROC(COUNT):
DCL (1,COUNT) BYTES
DO I =1 TO COUNTS
CALL ADDSRE(.R2,.R2); _
END; Ly
END ADD$SFRIESS

SET$MULTSDIV: PROCS
CALL CHECESNUMFRICS
OVERFLOY = FALSF;
REGSLENGTH = 1§}
SIGNO(2) = (NOT (SIGN@(@) XOR SIGN2(1))) AND C1F; i
CALL FILL(.R2,18,9); !
END SET$MULTSDIV;

R1$GRFATFR: PROC BYTE:
DCL I BYTES
DO CTR = @ TO 93
1? R1(CTR)>(I := 99K - RA(CTR)) THEN RETURN TRUF;
IF R1(CTR)<I THEN RETURN FALSF;
END;
RETURN TRUE;
END R14GREATER;
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MULTIPLY: PROC(VALUE);

. DCL VALUE BYTE; t
IP VALUESD@ TEEN CALL ADD$SERIES (VALUE); |

BASE = .RO; 1

CALL ONESLEFT; k

FND MULTIPLYS 1

CIVIDE: PROC;

_ pcL (1, J, X, X) BYTE; :
! IP LFADING$ZEROES(.R@) > 19 THEN ]
¢ DO; 4

OVERFLOY = TRUE;

RETURN;
ENDj

IF LEADING$ZEROES(.R1) > 19 TEEN
DO}

2 IRE e A A,

CALL FILL(.R2,18,2);
RETURN
END;
CALL SET$MULTSDIV;
PASE = .RO;
CALL SEIFTSLEFT(17); {
DEC$PT@ = DEC$PT® + CTR;
BASE = .R1}
CALL SEIFTS$LEFT(17);
DEC$PT1 = DEC$PT1 + CTR;
OVERFLOV¥ = FALSF;
IF DEC$PT@ > 17 THEN
IF DEC$PTL < (X := DEC$PTE - 17) THEN
DO;
OVERFLOW = TRUE;
DEC$PT2 = @;
END;
ELSE
DEC$PT2 = DEC$PTL ~ Xj

VL o WA

ELSE
DEC$PT2 = DECSPT1 + (17 - DECS$PTQ);
CALL COMPLIMENT(@)} i
DOI =1 TO 19;
J =0}
DO WHILF R1S$GREATER;
CALL ADDSR2(.R1,.R1);
IF R1(@) = 99H THEN o
CALL COMPLIMENT (1)3 i

J=J + 13
END}
K = SHR(I,1)3
IF I THEN R2(K) = R2(K) OR Jj
TLSE R2(K) =

BASE = .RO}

K
R2(K) OR SEL(J,4)}
CALL ONESRIGHTS
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ENDS
REGSLENGTH = 10; -
i CALL CHECKSRESULTS | §

& END DIVIDE;

LOAD$ASCEAR: PROC(CHAR)S g
DCL CHAR BYTE; &
IF (SWITCH := NOT SWITCH) TWFN
BSEYTE(R$PTR) = BS$BYTE(RSPTR) OR SBL(CHAR - 3@F.4);
ELSF BS$3YTE(RS$PTR := RSPTR-1) = CHAR - 20F;
END LOADSASCHAR;

LOADSNUMBERS: PROC(ADDR,CNT);
DCL ADDR ADDRESS, (I,CNT)BYTE;
FOLD = RES(ALDR);

CTR = CNT; 2
DO INDEX =1 TO CNT; g
CTR = CTR - 1; £
CALL LOADSA$CEAR(E$BYTE(CTR)); g
END; ;

CALL INCSPTR(5);
END LOADSNUMBERS;

SETS$LOAD: PROC (SIGNSIN);
DCL (CTR,SIGNSIN) PYTE;
PO CASE (CTR := CS$BYTE(4)):

BASE = .ROS
BASF = .R1S
BASE = .R2j

END?
DECSPTA(CTR) = CS$BYTE(3);
SIGNB(CTR) = SIGNSINS
CALL FILL (BASE,18,0);
RSPTR = 93
SWITCE = FALSES

END SETS$LOADS

LOADSNUMFRIC: PROC; i

; CALL SETSLOAL(1); |
¥ CALL LOAD$NUMBERS (RES(CSADDR(@)),C$BYTE(2)): :
. END LOADSNUMERICS

LOADS$NUMSLIT: PROC; :
DCL(LIT$SIZE,FLAG) BYTE; 1

CHARSSIGN: PROC; i
LIT$SIZE = LIT$SIZE - 13
HOLD = AOLD + 13

END CHARSSIGN;

LITSSIZE = C$BITE(2);
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HOLD = RES(C$ADDR(@));
IP B4BYTE(Q) = ‘-’ THEN

Do;
CALL CHARSSICN;
CALL SETSLOAD(NEGITIVE);
END;
ELSE
DO;
IF HSRYTE(®) = “+° THEN CALL CHARSSIZNS
CALL SET$LOAD(POSITIVE);
END;
FLAG = 03
CTR = LITS$SIZE;
DO INDEX =1 TO LITSSIZE;
CTR = CTR ~ 1:
I?P BSBYTE(CTR) = ‘. THEN FLAG=LITS$SIZE - (CTR + 1);
BN ELSE CALL LOADSASCRAR(HSRYTE(CTR));
ND3
DFCS$PTA(CSBYTE(4)) = FLAG;
CALL INCSPTR(5);
END LOADSNUMSLIT;

STORESONE: PROCS
IP(SWITCH := NOT SWITCH) THEN
BSBYTE(@) = SER(BS$BYTE(®),4) OR ‘0°;
ELSF
DO}
HOLD = EOLD - 1
BSBYTE(@) = (HSBYTE(@) AND GFH) OR “0°;
END;
BASE = BASE - 13
END STORFS$ONE;

STORESASSCHAR: PROC(COUNT);
DCL COUNT RYTES
SWITCH = FALSE;}
HOLD = .R2 + 9j
IF C4BYTE(4) <> SER OR NOT OVERFLOW THEN
DO CTR = 1 TO COUNT;
CALL STORESONE;
END;}
END STORESASS$CHAR;

SET$ZONE: PROC (ADIR);
DCL ADDR ADDRESSS
IP NOT SIGN@(2) THEN
Do;
BASE = ALDRj
IP C$BYTF(4) <> SER OR NOT OVERFLOW TEEN
5 B$BYTE(Q) = BSBYTE(2) + ZONE;
END}
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END SETSZONE;

SET$SIGNSSEP: PROC (ADDR);
DCL ADDP ADDRESS;
BASE = ADDR;
IF C$BYTE(4) <> SER OR NOT OVERFLOW THEN
1P SIGEZ(2) TEEN B$BYTE(G) +%3
ELSE ¥S2YTE(Q) = ;
CALL INC$PTR(4); V
END SETS$SIGNSSEP;

STORE4SNUMERIC: PROC; §
CALL CHECKS$DFCIMAL;
BASE = RES(C$ADDR(@)) + CS$BYTE(2) - 1}
CALL STORESASS$CHAR(CSBYTE(2));

END STORESNUMERICS

CALL INCS$PTR(4); !
!
b
1
|

o B3 ke A

MCVESNUMSEDITFD: PROC)

DCL CHAR RYTE, 1
COUNT BYTE, A
FLAS(2) BYTE, ]
FLOATSVALUE BYTE, ¥
LAST$LOAD BYTE, i
LENGTH BYTT, 1
MAXSLOADSPT BITE, B
MIN$LOADSPT BYTE, |
PSITS$DFC BYTE,

PSITSSIGN BYTF, :
SIGNSOUT BYTE; ;

FLOAT$CHECX: PROC(INDEX);
DCL INDEX BYTE;
IF FLAG(INDEX) THEN
FLOAT$VALUT = CHAR;
FLSE
D03
PLAC (INDEX) = TRUE;
IF CTR <> MAXSLOADSPT OR INDFX = @ TUEN
MINSLOALSPT = CTR + 1; ,
IF INDEX = 1 THEN
PSIT$SIGN = CTR;
END;

END PLOATSCHECK;

FLOATSVALUE,MINSLOADSPT = @3
FLAG(®),FLAG(1) = FALSE;
PSITSDFC = C$BYTE(11);
PSIT4SIGN = C4BYTE(8);
MAX$LOADSPT = C$BYTE(8) - 1?
HOLD = RES(CSADDR(®))3

P I— s
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CALL MOVE(RES(CSADDR(3)) “OLD CSADDR(4));
IF HSEYTE(MAXSLOADSPT) = OR
ESBYTE(MAXSLOADSPT) = R THEN

W
MAXSLOADSPT = MAXSLOALSPT -~ 2;

3 PSITSDYC = PSITSDEC - 23
PSITSSIGN = PSIT4SIGN - 23

ENDS

s DO CTR = @ TO MAXSLOADSPT;

CHAR = HS$BYTE(CTR);

IF CHAR = ‘9’ THEN !
B$BYTE(CTR) = “0°;

ELSE IF CHAR = “$° THEN
CALL FLOATSCHECK(@);

FLSE IF SIGN(CBAR) THEN
CALL FLOAT4CHECKX(1);

[ ELSE IF CEAR = “Z° THEN

- FLOATSVALUE = CHAR;

- ELSE IF CHAR = ‘3’ THEN
ES$BYTE(CTR) = ~ *;

IP CTR > MAXSLOADSPT - PSITSD¥C THEN g

; IF CHAR = °/° OR CHAR = ° ° OR

: CHAR = ‘0" OR CHAR = “,” THEN

& PSITS$DEC = PSITSDEC - 1;

! END; /* DO CTR = @ TO MAXSLOADSPT */

IF PSITSSIGN = MAXSLOALSPT THEN

D03
MAX$LOAD$PT = MAX$LOADSPT - 1; |
L PSIT$DEC = PSITSDEC - 15 - |
, END; |
LENGTE = C$ALDR(2);
BASE = .RO;

CALL FILL(BASE,ZE,°0°);
CALL MOVE(RES(CSADDR(1)) ,BASE,LENGTE);
IF SIGN(BSBRYTE(@)) THEN /* CHECK FOR LEADING SIGN */

DOS
SIGN$OUT = BSBYTE(Q);
BASE = BASE + 13
LENGTE = LENGTH - 1}
END}
ELSE IF SIGN(B$BYTE(C$BYTE(4) - 1)) THEN
DOJ
& SIGN$OUT = BSBYTE(CSBYTE(4) - 1);
> LENGTH = LENGTH - 1}
END;
ELSE IF NOT CHECK$FORSSIGN (BSRYTE(CS$BYTE(4) - 1)) TFEN
DO; /* CBECX FOR TRAILING IMBEDDED SIGN */
SIGN$OUT = ‘-7;
BSBYTE(C$BYTF(4) - 1) = B$BYTE(CSRYTE(4) - 1)
= ZONE;

END;




ELSE IFP NOT CEECK$FORSSIGN(BSBYTE(@)) THEN
DO; /* CHECK FOR LEADING IMBEDDED SIGN */
SIGNSOUT = "=*;
BSBYTE(Q) = BSBYTE(2) - ZONE;
4 END;

ELSE SIGNSOUT = “+°;
IF PSITSDEC <> CS$BYTE(19) TREN
DO3 /* ALIGN DECIMAL POSITIONS */
IF PSITSDEC < CS$BYTE(1Q) TEEN
oL ELENGTH = LENGTH - (CSRYTE(1@) - PSITSDEC):
S
LENGTH = LENGTH + (PSITSDEC - CS$BYTF(1€)):

END;
CTR = LENGTH ~ 1;
COUNT,LASTSLOAD = MAXSLOADSPT;
; DO INDEX =1 TO LENGTH;
| DO WBILE (HSBYTE(COUNT)
s OR ESBYTE(COUNT)
: OR HSRYTE(COUNT)
% (COUNT <= MAXS$LOADSPT);
u COUNT = COUNT - 13
¥ END; .
IF BsBi?E(CTR) <O ‘.’ THEN
DOs™.

IF RSBYTE(CTR) <> ‘@° THEN

R

 * OR HSBYTE(COUNT) ‘?°
*/° OR BSBYTE(COUNT) .
I'l) AND

o
wu

S

IF (COUNT < MINSLOADSPT) OR
(COUNT = 285) THEN
INDEX = LENGTHS

ELSE
DO;

H$BYTE (COUNT) = B$RYTE(CTR);
LAST$LOAD = COUNT;
END;
COUNT = COUNT =~ 13
‘ END;
, CTR = CTR - 13
END;
IF FLOATSVALUE <> @ THEN
DO;
CIR = @3
DO WEILE HSBYTE(CTR) <> FLOATS$VALUE;
CTR = CTR + 13
A END;
b DO WEILE (B$BYTE(CTR) = °,” OR B$RYTE(CTR)
¥ OR HSBYTE(CTR) = * * OR H$BYTF(CTR)
OR H$PYTE(CTR) = FLOATS$VALUE)
v AND (CTR <= MAXSLCADSPT);
g B$BYTE(CTR) = ~ ‘3
[ CIR = CTR + 1}
END;
IF FLOAT$VALUE <> “2° THEN

it n
.
~
.

nnn
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DOS
HS$BYTE(CTR := CTR = 1) = FLOATSVALUE;
IF SIGN(PLOAT$VALUE) THEEN
PSIT$SIGN = CTR;

END;

ENDS
DO CTR = @ TO LASTSLOAD;
IF ESBYTE(CTR) = “0° THEN
B$BYTE(CTR) = “0°;
, FLSE
¢ IF HSBYTE(CTR) = °,” AND
¢ E$BYTE(CTR - 1) = ‘*’ THEN
¢ H$BYTE(CTR) = ‘*°3
& END;

! DO CTR = LASTSLOAD + 1 TO MAXSLOADSPT;
! IF H$BYTE(CTR) = “*” OR HSBYTE(CTR)
SIGN(H$BYTE(CTR)) OR JISRYTE(CTR)
E$BYTE(CTR) = ‘9”3
END3

| IF PSITSSIGN < CSBYTE(S) THEN
s IF ESBYTE(PSITSSIGN) = °+° THEN
| , B$BYTE(PSITSSIGN) = SIGNSOUT;
| _ELSE
f IF SIGN$OUT = ‘+° THEN

L D03
f IF BSBYTE(PSITSSIGN) <> “=-“ TEEN
HSBYTE(PSITSSIGN + 1) = * 3
] E$BYTE(PSITSSIGN) = * “3
; END;
a CALL INCSPTR(12);
: END MOVESNUMSEDITED;

/* %® % x % % % % % x INPUT-OUTPUT ACTIONS * % % % x % % % x %/

= ’$' OR
= ‘0’ THEN
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DCL RUFFSPTR ADDRESS,
BUFFSBYTE BASED BUPFSPTR (1) BYTE,
BUFFSEND ADDRESS,
RUFFSLENGTH LIT “12e°,
BUFFSTART ADDRESS,
CHAR BYTE,
CONSBUFF ADDRESS INITIAL (e0R),
CONSBYTE BASED CONSBUFF BYTE,
CONSINPUT ADDRESS INITIAL (e2E),
CONTROLSFLAG BYTE INITIAL (FALSE),
CURRENTSFLAG BYTE,
EOFS$FLAGSOPFSET LIT °36°,
EXTENTSOFPFSET LIT ‘12°
FCBS$ADDRSA BASED CURRBNT$PCB (1) ADDRESS,
FCBSBYTESA BASED CURRENTSFCB (1) BYTF,
FLAGSOFFSET LIT ‘33°
RIGHSVALUE LIT orru ’




e R L, : Ry

INVALID B3YTE,
{ PAG LIT °22°, /* CODE FOR PAGE */

g PTR$OFPFSET LIT ‘17°,
RECSNO LIT °32°, ,
REWRITESFLAC RYTE INITIAL(@RH), 4
TERMINATOR LIT “1AE”, ¢
TOP4OF4PAGE LIT ‘ecm’, .
VARSEND LIT ‘CR’,
k93 LIT ‘48°; /* CODE FOR WRITE */ !

ACCEPT: PROCS
CALL CRLF3
CALL PRINTSCEAR(ZIFH);
CALL FILL(CONSINPUT,C$BYTE(2),” °)j
CONSRYTE = 1283
CALL READ(CONS$BUFF);
CALL MOVE(CONS$INPUT,RES(C$ADDR(Q)),CS$BYTE(2))3
CALL INCSPTR(3);
END ACCEPT;

DISPLAY: PROC;
DCL RSCNT BYTE;
BASE = RES(CS$ADDR(Q));
IF NOT CS$BYTE(3) THEN CALL CRLF;
BSCNT = CS$BYTE(2);
DO CTR = @ TO BSCNT - 1}
END CALL PRINTSCHAR(BSBYTE(CTR)); A
H i
CALL INCSPTR(4);
END DISPLAY;

GETSFILESTYPE: PROC BYTE;

BAS® = C$ADDR(Q)3

RETURN BSBYTE(FLAGS$OFFSET);
END GETSFILESTYPE;

SET$PILESTYPE: PROC(TYPE):

| DCL TYPE BYTE;

g BASE = CS$ADDR(0);

1 IP GETSPILESTYPE <> @ THEN CALL FATALSERROR(’OE’); :
BSBYTE (FIAGSOFFSET) = TYPE; :

END SETSFILESTYPE; &

SET$140: PROCS
INVALID = FALSE;
IF C$ADDR(2) = CURRENTSFCB THEN RETURN:
/* STORE CURRENT POINTERS AND SET INTERNAL WPITF MARK */
BASE = CURRENTSFCB;
FCBSADDRSA(PTRSOFFSET) = BUPFSPTR; :
PCBSBYTESA(FLAGSOFYSET) = CURRENTSFLAGS o
/* LOAD NEV VALUES */ .
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BUFFSEND = (BUFF$START := (CURRENTSFCB := CSALDR(Q)) + o
STARTS$OPFSET) + BUFF$LENGTE; '
CURRENTSFIAG = FCBSRYTESA(FLAGSOFFSET);
EUFFSPTR = FCBSATDRSA(PTRSOFFSET);
END SETS$ISO:

OPENSFILE: PROC(TYPE);
DCL TYPE BYTE;
CALL SETSPILESTYPE(TYPE);
CURRENTSFCB = C4ADDR(Q);
FCRSRYTESA(RXTENTSOFFSET) = @3
CTR = OPEN(CURRENTS$FCB);
DO CASE TYPE - 13

/% INPUT =/

DOs

END IP CTR = 255 THEN CALL FATALSERROR(’NF’);
L4

/¥ OUTPUT */

DO+

CALL DELETES

CALL MARE(CS$ADDR(2));
END}
? /* CASE 2 NOT USED */
/% 1-0 */

DO;
oAD IF CTR = 255 THEN CALL FATAL$TRROR('NF’);
’
END; /* DO CASE TYPE -~ 1 */
FCBSBYTESA(RECSNO) = @; /* SET THE RECORD MUMRER IN FCB */
PCBSBYTRSA(EOFSFLAGSOFPSET) = FALSE; /* SET TEF EOF OFF */
i BUFPFSEND = (BUFFSSTART := (CURRENTSFCB + STARTSOFFSET)) +
; BUFFSLENGTH;
- CURRENTSPLAG = PCBSBYTESA(PLAGSOFFSET);
BUPFSPTR,FCRSADDRSA (PTRSOFFSET) = BUFFSSTART - 13
CALL INCSPTR(2);
END OPFPNSPILES

WRITESMARK: PROC BYTES
RETURN ROL(CORRENTSFLAG,1);
END WRITESMARKS

SET$WRITFSMARK: PROCS 5o
CURRENTSFLAG = CURRENTSFLAG OR 8QH: :
END SYTS$WRITESMARK; .

VRITESRECORD: PROCS
CALL SET$DMA;
CURRENTSFLAG = CURRENTSFLAG AND OFH;
IP (CTR := DISKSWRITF) = @ THEN RETURN;
CALL PRINTS$FRROR(‘W8’);
INVALID = TRUES
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END WRITESRFCORDS

READSRECORD: PROC;
CALL SET$DMAS
IF WRITESMARK THFN CALL WRITESPECORD;
IF (CTR := DISKSREAL) = ¢ THEN RETURN;
IP CTR = 1 THEN FCBSBYTESA(EOFS$PLAG$OFFSET)
INVALID = TRUE}
END READSRECORD;

RFADSBYTF: PROC BYTE;
IF (RUFFSPTR := RUFFSPTR + 1) >= RUFFENLC THEN

HH
i CALL READSRFCORD;
IF PCBSBYTESA(EOFSFLAGSOFFSET) THEN

RETURN TERMINATOR:

0 BUPFSPTR = BUPFS$START:
END;

RETURN BUFFS$RYTE(Q):

END READSBYTES

WRITESBYTE: PROC (CHAR)S
DCL CEAR BYTE;
IF (gU?F$PTR := RUPF$PTR+1) >= BUFF$END THEN
0}
CALL WRITESRECORD:
BUFF$PTR = BUFF$STARTS
IF %gURITE$FLAG THEN :
’ © '
CALL READSRECORD; :
FCESBYTESA(REC$NO) = FCBSBYTESA(RECSNO) - 15
END?

TRUES

N R < A

ENDS
CALL SETSVRITESMARK;
BUFFSBYTE(@) = CHARS
END WRITFPS$BYTE;

WRITESENDSMARK: PROC;
CALL WRITESBYTE(CR)S
~CALL WRITE$BYTY(LF);
END WRITESENDSMARK;

READSENDSMARK : PROC: i
I? (PEADSBYTECDCR) OR (RFADSBYTESDLF) TEEN s
CALL PRINTSFRROR(’EM’); :

END READSENDSMARK;

RFADSVARIABLE :PROCS
CALL SET$140;
¥ BASE = C$ADDR(2);
| CALL PILL(CSADDR(2),C$ADDR(1),’ *);
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DO ASCTR = @ TO CSADDR(1) - 13
IF (CTR := READSBYTE) = VARSEND TEEN

Do?
CTR = READSBYTE;
RETURNS
END3
IF CTR = TERMINATOR THEN

DO3
FCBS$BYTESA(EOP$FLAGSOFFSET) = TRUES
RETURNS
END}
BSBYTE(ASCTR) = CTR?
END;
CALL READSENDS$MARKS
END READSVARIABLE;

WRITESVARIABLE: PROC;
DCL COUNT ADDRESS;
CALL SETS$1%0;
BASE = C$ADDR(1):
COUNT = CSADIR(2); ,
DO WEBILE ((BSBYTE(COUNT := COUNT - 1) = * °)
AND (COUNT <O 9))3
END;
DO ASCTR =@ TO COUNT;
CALL WRITESBYTE(BSBYTE(ASCTR))S
END;
CALL WRITESENDSMARK;
END WRITESVARIABLE;

READ$TO$MEMORY: PROC?
DCL CHAR BYTE;
BASE = C$ADDR(1);
DO ASCTR = @ TO C$ADDR(2) =~ 1%
IP (CHAR := READ$BYTE) = TERMINATOR THEN
DOj
INVALID,FCBSBYTESA(EOF$FLAGSOFFSET) = TRUE;
RETURNS
END;
‘D ELSE BSRYTE(ASCTR) = CEAR;
END;
CALL READSENDSMARKS
END READSTO$MEMORY;

WRITESPROMSMEMORY: PROCS
BASE = RES(CSADDR(1));
DO ASCTR = @ TO CSADDR(2) =~ 13
D CALL WRITESBYTE(BS$BYTE(ASCTR))S
y
IF CONTROLSPLAG THEN
CALL WRITESBYTE(CR)S




ELSE
CALL VRITESENDSMARK;
END WRITE$FROMSMEMORY;

/® * % * ¥ % % % % RANDOM I-0 PROCEDURES * * = % % % x %/

SET$SRANSPOINTER: PROCS
/* THIS PROCEDURE READS THE RANDOM KEY AND COMPUTES

WEICHE RECORD NEEDS TO BE AVAILABLE IN THE BUFFER
THAT RECORD IS MADE AVAILABLE AND THE POINTERS
SET POR INPUT OR OUTPUT */
DCL (BYTE$COUNT,TEMP,RECORD) ADDRESS,
EXTENT BYTE;
IF WVRITE$MARK THREN CALL WRITESRECORD;
TEMP = CONVERT$TO$HEX(C$ADDR(3),C$BYTE(8) )}
IF¥ TEMP = @ THEN

h+H
INVALID = TRUE;
RETURN;
ENDS
BYTESCOUNT = (C$ADDR(2) + 2) * (TEMP - 1)
RECORD = SHR(BYTESCOUNT,?);
EXTENT = SER(RECORD,?);
IF EXTENT <> FCBS$BYTES$A(EXTENTS$OFFSET) THEN

DO;
CALL CLOSE(C$ADDR(9));
PCBSBYTESA(EXTENTSOFFSET) = EXTENT;
IT OPEN(CSADDR(Q)) = 255 THEN

DO;
1P SER(CURRENTSFLACG,1) THEN
L CALL MAKE(C$ADDR(Q));
ELSE

DO;
INVALID = TRUES
FCBSRYTESA(EXTENTSOFFSET) = 03
IF OPEN(C$ADDR(Q)) = 255 THEN
0D CALL FATALSERROR(’OP’);
1]

ENDS
END3

BUFFSPTR = (BYTE$COUNT AND 7FH) + BUPF$START - 1}
PCBSBYTESA(32) = LOW(RICORD) AND ?FEH;
CALL READSRECORD;

END SET$RANSPOINTER;
GETSREC4NUMBER: PROC ADDRESS;

DCL (RECORD,LOGICAL$REC$NUM,BYTESCOUNT) ADDRESS:
RECORD = FCBSBYTE$A(EXTENTS$OFFSET);

RECORD = SHL(RECORD,?) + FCRSBYTE$A (RECSNO);

IF? NOT SER(CURRENTS$PLAGC,1) TEEN RECORD = RECORD - 1}

BYTE$COUNT = SEL(RECORD,?) + ((BUPF$PTR + 1)-BUFFS$START);
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LOGICALSRECSNUM = (BYTESCOUNT / (C$SADDR(2) + 2)) + 13

RETURN LOGICALSRECSNUM;
END GETSRECSNUMBER;

SETSRELATIVESKEY: PROC;
DCL (REC$NUM, K) ADDRESS,
(I,CNT) BYTE,
J(4) ADDRESS DATA (100¢9,10090,10¢,12),
BUFF(5) BYTE;
RECSNUM = GETS$RECSNUMBER;
0l =@ TO 33
CNT = @;
DO WHILE REC4NUM D= (K := J(I));
RECSNUM = RECSNUM - K3
CNT = CNT + 13
END;
BUFF(I1)=CNT + “0°;
END;
BUFF(4) = RECSNUM + “0@°;
IF (I := C$BYTE(8)) <= 5 THEN
CALL MOVE(.BUFF + 5 - I,RES(CS$ADDR(3)),I1);
ELSE
D03
CALL FILL(RES(C$ADDR(2)),I - 5,°2¢°);
£ND CALL MOVE(.BUFF,RES(C$ADDR(3)) + I - 5,5);
’
END SETSRELATIVESKEY;

WRTSEMPTYSREC: PROC;
DO ASCTR =1 TO C$ADDR(2);
END CALL WRITESBYTE(HIGHESVALUE);
| 4
CALL WRITESEND$MARK;
END WRTSEMPTYSRECS

VRITE$DUMMYSRECS : PROC(DIFFERENCE);
DCL DIFFERENCE ADDRESS, COUNT BYTE;
DO COUNT = 1 TO DIFFERENCE;
. CALL VRT$EMPTISRIC;
END;
END WRITESDUMMTSRECS;

BACKSONESEXTENT: PROCS
CALL CLOSE(CSADDR(@));
IP (FPCBSBYTESA(EXTENTSOFFSET) :=
PCBSBYTESA (EXTENTSOFFSET)~1)=255 TREN
CALL PATALSERROR(’W?’);
I? OPEN(C$ADDR(@)) = 255 THEN

DO;
CALL FATALSERROR(‘OP’)}
INVALID = TRUE;
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RETURN;
END;
FCBSBYTESA(RECSNO) = 1273
END BACKSONESEXTENTS

BACKS$ONESRECORD: PROC;
IF(BUFPSPTR := BUFF$PTR - (CSALDR(2) + 2)) >=
BUFFS$START - 1 THEN

DO}
FCBSBYTESA(RECSNO) = FCBSBYTESA(RECSNO) - 13
RETURN;
END}
BUFFSPTR = BUFF$START ~ BUFF$PTRS
DO WHILE BUFFSPTR > 129}
BUFF$PTR = BUFF$PTR - 1283
\D FCBSBYTESA(RECSNO) = FCBSBYTESA(RECSNO) - 13
END;3
BUFFSPTR = BUFFSEND - BUFFS$PTR;
FCBSBYTESA(RECSNO) = FCBSBYTESA(RECSNO) - 23
IF !gg§BYTE$A(REC$NO) > 127 THEN
?
CALL BACK$ONESEXTENT;
IF INVALID THEN RETURN;
CALL READS$RECORD;
PCB$BYTESA (RECSNO) = 1275
ENDS
ELSE
Do

"GALL READS$RECORD;
!“Drcnsnrrnsn(nncsuo) = FCPSBYTESA (RECSNO) - 13
END BACESONESRECORD;

REVRITESSEQ: PROC(FLAG);
DCL FLAGC BYTE;
CALL BACK$ONESRECORD;
REXRITRBSPLAG = TRUE;
IF FLAC THEN CALL WRITE$FROM$MEMORY;
TLSY? CALL WRTSEMPTYSREC; /* THIS IS A DFLETE ®/
CALL VRITEBSRECORD;
I7 FCBSBYTESA(RECSNO) = @ TEEN ,
oL CALL BACKSONESEXTENT; i
1LSE NN
FCBSBYTESA(RECSNO) = PCBSBYTESA(RECSNO) - 13 .
REWRITESPLAG = FALSE; g
CALL READSRECORD; :
END REVRITESSEQ; :

CHECKSDIFFERENCE: PROCS
DCL (DIFFERENCE,NEXTSRECORD,NEXTSKEY) ADDRESS;
NEXTSRECORD = GETS$REC$NUMBER;
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NEXTSKEY = CONVERTSTOSHEX(C$ADDR(3),C$BYTE(S));

IT NEXTSRECORD > NEXTSKEY THEN CALL FATALSFRROR(‘w2’):

DIFFERENCE = NEXTS$KEY - NEXTS$RECORD;

IFP DIFPFERENCF > 0 THEN CALL WRITESDUMMYSRECS(DIFFERENCF);
END CHECKSDIFFERENCE;

J%® % ® % % % % % ok % %k R % MOUES ¥ % X ¥ & %X ¥ % ¥ X % ¥ X/

LOADSINC: PROC;
H$BYTE(CTR) = BSBYTE(CTR1);
CTR1 = CTR1 + 1}
CTR = CTR + 13}

END LOADSINC;

CBECKS$ELIT: PROC(CBAR);
DCL CEAR BYTE;
IFP (CHAR = “2°) OR (CEAR = “/°) THEN CTR = CTR + 1;
ELSE IF CEAR = ‘B’ THEN

DO;
RSRYTE(CTR) = ~ “;
CTR = CTR + 1}
END;
ELSEbgr CHAR = ‘A THEN
H
IP NOT LETTFR(BS$BYTE(CTR1)) TEEN
CALL PRINTSERROR(’IC’);
CALL LOALSINC;
END;
ELSE IF CHAR = ‘9° THEN

D03
I? NOT NUMERIC (B$BYTE(CTR1)) THEN
CALL PRINT$ERROR(‘IC”); :
CALL LOATSINCS
END}
ELSE CALL LOADSINCGS
END CHECKSEDIT?

/#'*.#*'*#*.MACHINEACTIO“S** ¥ ¥ xR X % & ¥ x/

STOP: PROC;
CALL CRLF;
DO CTR = 1 TO 4}
!ND.CALL PRINTS$CEAR(ERRORSCTR(CTR));
1
CALL MON1(9,.(’ EXECUTION ERRORSS’));
CALL BOOTER;
END STOP;

A EEEEEREENEENEENENEEEEEEENEREEREINE.

THE PROCEDURE BELOW CONTROLS THE EXECUTION OF THE COLE.
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EXECUTE:

IT DECOPES EACE OP~CODE AND PERFORMS TEE ACTIONS

PROCS
DO FOREVER;
DO CASE GET$OP$CODE;

/¥ @1: ADD '/'
ST */

/%

92:

/* CASE 2ERO NOT USED */

CALL ADDj

DO;

END;

/* 23: MUL =/

/*
/*
Vi,
/*
/*

04:
05:
26:
a7
es:

DIV
NEG
STP
STI
EXT

DO;

END}

*/

SIGNO(D) = SIGNO(2) XOR 13
CALL ADD;

DCL (I, X) BITE;
CALL SET$MULTS$DIV;
BASE = .R@;
CALL SEIFTSRIGHT(17);}
BASE = .R1j
CALL SHIFTS$RIGET(1)3
DEC$PT2 = DECSPT@ + DFC$PT1;
1 =105
DO INDEX =1 TO 93
CALL MULTIPLY(R1(I := 1
CALL MULTIPLY(SHR(R1(I)
END}
BASE = .R2;
CALL SBIFTSLEFT(17);}
IF OVERFLOW THEN
IF (X := CTR + DEC$PT2) < 17 TEEN
DEC$PT2 = 0;
ELSE
DO}

- 1) AND @FH);
04));

DECSPT2 = X - 173
OVERFLOW = FALSE;
END;
REGSLENGIE = 103
CALL CHECKS$RESULT;

CALL DIVIDE;

/§RANCH$FLAG = NOT BRANCHSFLAG)
=

CALL STOP;

*/

CALL STORESIMMEDIATES

*/




18 4 R%g%BASE < HISFREES$MEM TEEN
H

L PROGRAMSCOUNTER = RTINS
LOWSOPFSET = RTN$PTR(1
HISOFFSET = RTNSPTR(2)
RTNSBASE = RTNSBASE +
CALLSTOP = CALL$BASE;
CALLSBASE = CALL$PTR(Q
END§

ETR(Q);
;’

6
)

/¥ @9: RND */
DO;
IF NOT OVERFLOW THEN
DO}
BASE = .R2j
IF (DEC$PT2 - C$BYTE(@)) > @ THEN

DOS
I CALL SHIFT$RIGHT(DECS$PT2 -
CSBYTE(@));
1 DEC$PT2 = C$BYTE(Q);
ENDS
' ELSE
DOS
CALL SHIFTS$LEFT(C$BYTE(D) -
DECPT2);
DEC$PT2 = DECSPT2 + CTR;
END;
CALL CHECKSRESULT;
END;
CALL INCSPTR(1)3
END;
/* 18: RET */

’
IF CSATDR(Q) <> @ THEN

DO}
ASCTR = C$ADDR(2);
C$ADDR(Q) = @;
PROGRAMSCOUNTER = A$CTR;
ENDj
ELSE CALL INC$PTR(2);
END;
/* 11: CLS */
DO}

CALL SET$IS0S
IF WRITE$MARK THEN

DO
IF NOT SER(CURRENTSFLAG,2) THEN
CALL WRITESBYTE (TERMINATOR )}
CALL WRITESRECORD;
END;
ELSE CALL SETSDMA;
CALL CLOSE(CS$ALDR(®));
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/®

Vo
/%

/*
/*

/*®

Vi

/*

/*
/*

/*

22:

SER

BRN
OPN

0P1
opP2

RGT

RLT

REQ

INV
EOR

PAG

CURRENTSFLAG, FCBSBYTESA ( FLAGSOFFSET)
CALL INCSPTR(2);
END;
®/
IF OVERFLOW THEN
D03
" GALL INCSPTR(3);
OVERFLOW = FALSE;
ENT;
*/

/Pnoannscountna = CSADDR(Q);
*
DO;
CALL OPENSPILE(1);
CALL READSRECORLS
END;
*/
CALL OPENSFILE(2);
®/
DO;
CALL OPENSFILE(4);
CALL READSRECORD;
END;
*/
DO;
IF NOT SIGN2(2) THEN
BRANCHSFLAG = NOT BRANCESFLAG;
CALL CONDS$BRANCH(Q);
END;
*/
DO;
IF SIGN@(2) AND NOT R2$ZERO THEN
BRANCHSFLAG = NOT BRANCHSFLAG;
CALL CONDS$BRANCH(@)S
END;
*/
DO;
IF R24ZERO THEN
BRANCHSFLAG = NOT BRANCHSFLAG;
CALL COND$BRANCEH(Q);
END;
*/
/CALL INCR$ORSBRANCH(INVALID);
3
CALL

L]
[\~
-e

INCR$OR$BRANCH( FCB$BYTESA(EOF$FLAGSOFFSET) )3

*/
DO}
DCL I BYTE;
CALL SET$I$0;
IF C$BYTE(2) < 1@@ TEEN
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DO I =1 TO C$BYTE(2);
(LF);

CALL WRITESRYTE(TOPSOFSPAGE);
IF C$BYTE(3) = WTP ™HEN
CONTROLSFLAGC = iRUE;
CALL INCSPTR(3);

/* 23: ACC */
CALL ACCEPT;
/* 24: STD */

DO}
TEMP = C4$BYTE(3)]
C$BYTE(3) = @3
CALL DISPLAY;
CALL PRINT(.(LF, OPERATOR ENTER A <CR> TO

=
-e
R I e o o, o cd T e T

CONTINUES"))s k

CALL PRINT(.(TAB,” OR ENTER AN "S" TO f

TERMINATE.$)); 3

. CEAR = 0; ;

§ DO WHILE (CEAR <> CR) AND (CHAR <> °5°); ;

; CALL PRINT(.(CR,LF,"?$°)); ;

% CHAR = MON2(1,0); ¢

; END; i
: IF CHAR = CR THEN

| DO;

PROGRAMSCOUNTER = PROGRAMS$COUNTER - 13
C4BYTE(@) = TEMP;
END;
ELSE CALL STOP;
END;
/* 25: LDI %/
DO
CSADDR(2) =
CONVERTSTOSHEX(RES(CSADDR(2)),C4RYTE(2)) + 1}
CALL INCSPTR(3);
END;
/* 26: DIS */
CALL DISPLAY;
/* 27: DEC */
DO;
IF C$ADDR(@) <> @ THEN
C4ADDR(®) = CSADDR(2) - 13
IF C$ADDR(@) = @ THEN
PROGRAM$COUNTER = C$ADDR(1);
ELSE CALL INCSPTR(4);
END;
/* 28: STO */
DO;
CALL STORESNUMERIC;

B B+ S ARA N AL AP s
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CALL INCS$PTR(4);
END;
/* 29: ST1 */
D03
CALL STORE$NUMERIC;
CALL SET$ZONE(RES(CS$ADDR(2)));
END;
/* 30: ST2 */
DO
CALL STORESNUMERIC;
CALL SETSZONE(RES(CSADDR(?)) + CSBYTE(2) - 1);
END;
/% 31: ST */
DO;
CALL CHECKSDECIMAL;
BASE = RES(CSADDR(@)) + C$BYTE(2) -~ 13
CALL STORESASSCHAR(CSBYTF(2) - 1)}
CALL SETSSIGNSSEP(RES(CSADDR(2)));
END;
/* 32: ST4 =/
DO;
CALL CHECKS$DECIMAL;
BASE = RES{CSADDR(2)) + CSBYTE(2) - 2}
CALL STORESASSCHAR(CSBYTE(2) - 1);
CALL SITS$SIGNSSEP
(RES(C$ADDR(Q)) + CS$BYTE(2) - 1);
END;

/* 33; ST5 */
0;
CALL CEECK$DECIMAL;
IF SICNO(2) = ¢ THEN
R2(9) = R2(9) OR 21H;
IF C$BYTE(4) <> SER OR NOT OVERFLOW TEEN

D03
CTR = CS$BYTE(2) / 2 + 1}
CALL MOVE
SND (.R2 + 16 - CTR,RES(C$ADDR(Q)),CTR):
]
CALL INCSPTR(4);

END;
/* 34: LOD */

CALL LOADSNUMSLIT;
/* 35: 1LD1 */

CALL LOADSNUMERICS
/* 36: LD2 »/

DO

HOLD = RES(CADDR(®@));
Ian§EOK$FOR$SIGN(H$BYTE(0)) THEN

'

CALL SETS$LOAD(POSITIVE);

CALL LOADSNUMBERS (C$ADLR(®),C$BYTE(2));
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ENDS
ELSE

TEVP = HB$RYTE(D);
CALL SET$LOAD(NEGITIVE);
CALL LOADSNUMBERS
(C$ADDR(®) + 1,C$BYTE(2) - 1)}
. CALL LOAD$ASCHAR(TEMP - ZONE)3
END;

END;
/* 37: LD3 */
DO;
DCL I BITE}
HOLL = RES(C$ADDR(Q))}
IF CBECK$FORSSIGN(
CTR := H$BYTE(I := C$BYTE(2) - 1)) THEN

DO}
CALL SETSLOAD(POSITIVE);
I1=1+13
END;
ELSE
DO;

CALL SETSLOAD(NEGITIVE);
CALL LOADSASCHAR(CTR - ZONE);
END;
Dcann LOADS$NUMBERS (CSADDR(®),1)3
END;
/* 38: LD4 */
'
BOLD = RES(C$ADDR(@2));
1P (B$BYTE(@) = “+°) THEN
CALL SETSLOAD(POSITIVE);
ELSE CALL SETS$LOAD(NEGITIVE)
CALL LOADSNUMBERS(CSADDR(®)
C4BYTE(2)
END;

/* 39: LDS ¥/
D03

?
BOLD = RES(CS$ADDR(2));
IF B$BYTE(CS$BYTE(2) - 1) = “+° THEN
CALL SETSLOAD(POSITIVE);
ELSE CALL SETSLOAD(NEGITIVE);
END'CALL LOADSNUMBERS (C$ADDR(®),C$BYTE(2) - 1);
]
/% 40: LD6 */
0;
DCL I BYTE;
BEOLD = RES(C$ADDR(@));
IFT BS$BYTE (1 := C$BYTE(2) / 2) TEEN
CALL SET$LOAD(NEGITIVE); l

L
1
+

1
1}
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ELSE CALL SET$LOAD(POSITIVE)S
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BASE = BASE + 9 - I}
~ DO CTR = @ T0 I;
N b B$BYTE(CTR) = HSBYTE(CTR):
= END;
f BSBYTE(I) = BSRYTE(I) AND OFOB;
CALL INCS$PTR(5);
END;
/* 41: PER */
D03

v S

BASE = C$SADDR(1) + 13
BSADCR(@) = CSADDR(2);
PROGRAMSCOUNTER = CSADDR(9);
END;
/* 42: CNU */
CALL COMP4NUMSUNSIGNED;
/* 43: CNS */
CALL COMPSNUMSSIGN;
/* 44: CAL =/
CALL COMPS$ALPHA;
/* 45: RWS »/
DO;
CALL SETSISO;
IF NOT SER(CURRENTSFLAG,2) THEN
CALL FATALSERROR('V6');
IF NOT FCBS$BYTESA(EOFPSFLAGSOFFSET) TEEN
CALL REWRITES$SEQ(1);
CALL INCSPTR(6);
END;
/* 46: DLS */
DO;
CALL SET$I%0;
IF NOT SHR(CURRENTSFLAG,2) THEN
CALL FATALSERROR(‘W6°);
IF NOT FCBSBYTESA(EOFSFLAGSOFFSET) TEEN
CALL REWRITESSEQ(2);
CALL INCSPTR(6);
END;
/* 47: RDF »/
DO;
CALL SET$1$0;
IF NOT CURRENTSFLAG THEN
CALL FATALSERROR( ‘WS5°);
IF NOT FCBSBYTESA(EOP$FLAGSOFFSET) THEN
CALL READSTOSMEMORY;
CALL INCS$PTR(6);
END;
/* 48: WTF =/
I ['H

IF C$BYITE(6) = PAG TEEN
CONTROLSFLAG = TRUE;
CALL SET$IS0;
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/*

/%

/*

/*
/*
/*
/%

/*

IF NOT SER(CURRENT$FLAG,1) THEN
CALL FATALSERROR(’W3°);

CALL WRITE$FROM$MEMORY;

CALL INC$PTR(6);

CONTROLSFLAG = FALSE;

E
49: RVL */
DO;
CALL READSVARIABLE;
CALL INCSPTR(6);
END;
50: WYL */
DO;
CALL WRITESVARIABLE;
CALL INCS$PTR(6);
END;
€1: SCR */no
1
SUBSCRIPT(CSBYTE(?)) = CSADDR(2) + C4ADDR(1) =
(CONVERTSTOSEEX(CSADDR(2),CS$EYTE(6)) - 1);
CALL INCSPTR(8):;
END;
52: SCT */
CALL STRINGSCOMPARE(1);
53: SLT */
CALL STRING$COMPARE(@);
S54: SEQ */
CALL STRINGSCOMPARE(2);
55: MOV */D
0;
CALL MOVE(RES(CSADDR(1)),RES(CSADDR(Q)

),
CSATLIR(2))3
IPDC$ADDR(3) <> @ TEEN
o.
ciLL FILL(RES(CSADDR(®2)) + CSATDR(2),
C$ADDR(3),FILLER);
END;

CALL INCSPTR(8);
END;
56: RRS */
DO;
DCL HSFLAG BYTE;
HSFLAG = TRUE;
CALL SET$140:
IP SHR(CURRENTS$PLAG,1) THEN
CALL FATALSERROR(’WS’);
DO WEILE (NOT FCR$BYTESA(EOFS$FLAGSOFFSET))
AND BS$TLAGS
HSFLAG = FALSE;
CALL SETSRELATIVESKEY;
CALL READS$TOSMEMORY;
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IF B$BYITE(Q) = HIGHSVALUE THEN

BSFLAG = TRUES
BNDS

CALL INCSPTR(9);
END;
/* 57: WRS */
[ H
CALL SET$140:
IP NOT SER(CURRENTSPLAG,1) THEN
CALL FATALSERROR('W1°);
CALL CEECK$DIFFERENCE;
CALL SETSRELATIVESKEY;
CALL WRITESFROM$MEMORY;
CALL INCSPTR(9);
END;
/* 58: RRR */
DO;
CALL SETS$150;
IF SHR(CURRENTSFLAG,1) THEN
CALL FATALSERROR(’WS’);
CALL SETSRAN$POINTER;
IF NOT INVALID THEN
CALL READSTO4MEMORY;
IF INVALID THEN
FCR4BYTESA(FOFSFLAGSOFFSET) = FALSF;
CALL INCS$PTR(9);
END;
/* 59: WRR */no
 J
DCL DIFFERENCE ADDRESSS
CALL SETS$1%0;
IF SBR(CURRENTS$FLAG,1) TEEN

D03
CALL CHECKSDIFFERENCE;
CALL SETSRELATIVESKEY:
CALL WRITE$FROMSMEMORY;
END}
ELSE
DOj
I;OSBR(CURRENT$FLAG.2) THEN
’
CALL SETSRANSPOINTER;
IF NOT INVALID THEN
IFDéBUIFleTE(I)) = BIGHSVALUE THEN
1]
REVRITESFLAG = TRUF;
FCBSRYTESA (RECSNO) =
FCBSBYTRSA(RECSNO) =~ 13
CALL VRITESFROM$MEMORY
"gEURITE$!LAG = FALSE}
END;
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/* 60: RWR */

D03

/* 62: MED */
DO;

;2 END;

END3

ELSE CALL FATALSFRROR(‘W4°);
ELSE CALL FATALSERROR( ‘wW3°);
END;
END;
CALL INCSPTR(9);

' CALL SET$IS$0;
: IF NOT SHR(CURRENTSFLAG,2) THEN

CALL FATALS$ERROR(‘WE’);

B REWRITESFLAG = TRUE;

CALL BACKSONESRECORD;

IF NOT INVALID THEN CALL WRITESFROMSMEMORYS
REWRITESFLAG = FALSES

CALL INCS$PTR(9);

CALL SETS$ISO;
IF NOT SER(CURRENTS$FLAG,2) THEN
CALL FATALSERROR('W6’);
CALL SET$RANSPOINTER;
REWRITESFLAG = TRUE;

IF NOT INVALID THEN

DO;
FCBSBYTESA(RECSNO) =
FCBSBYTESA(RECSNO) - 13
CALL WRTSEMPTYS$RECS
ENL;
REWRITESFLAG = FALSE;
CALL INCSPTR(9);

HOLD = RES(CS$ADDR(Q));
CALL MOVE(RES(CS$ADDR(3)),HOLT,C$ADDR(4));
BASE = RES(C$ADDR(1));
CTR,CTR1 = @;
D0 WHILE (CTR1 < C$ADDR(2))
AND (CTR < CS$ADDR(4))
5 CALL CEECKS$EDIT(HS$BYTE(
END;
DO WHILE CTR < C$ADDR(4);
IF BESBYTE(CTR) = ‘X’ OR
ESBYTE(CTR) = ‘A’ OR
HSBYTE(CTR) = “9° THEN
HSBYTE(CTR) = FILLER;
ELSE IF HS$BYTE(CTR) = "B’ THEN
BSBYTE(CTR) = ° 3
CTR = CTR + 1}

CTR));
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: END; ]
{. CALL INCSPTR(10); ;
: END; {
| /* 63: MNE ¥/ ]
CALL MOVESNUMSEDITED; ‘

/* €4: SBR */ r
DO;

RTNSBASE = RTNSBASE - 6; 1
RTNSPTR(4) = PROGRAM$COUNTER + €3 \
RTNSPTR(1) = LOWSOFPSET; f
RTNSPTR(2) = HI$OFFSET; 1
LOVSOFFSET = C$ADDR(1); i
RISOFFSET = C$ADDR(2);
PROGRAMSCOUNTER = CSADDR(Q);
END;
/®* 65: GDP */
DO}
DCL OFFSET BYTE;
OFFSET = CONVERTS$TOSEEX(RES(CS$ADDR(1))
C$BYTE(1))
IF OFFSET > C$BYTE(@) OR OFFSET < 1 T8
DO;
CALL PRINTSERROR(’GD’);
oD CALL INCSPTR(SBL(CSBYTE(®),1) + 4);
14
ELSE PROGRAMSCOUNTER = CSADDR(OFFSET + 1);
END;
/* 66: PAR %/
DO;
HOLD = CALLS$TOP;
CALLSTOP = CALL$TOP + SAL(C$ADDR(Q),1) + 23
IF CALLSTOP > RTN$BASE - 7 THEN
CALL FATALSERROR(°CO’):
HESADDR(@) = CALL$BASE:
DO CTR = 1 TO CSADDR(2);
0 BSADDR(CTR) = RES(C$ADDR(CTR));
“END3
CALLSBASE = HOLD;
CALL INCSPTR(SBL(CS$ADDR(Q),1) + 2)3
END;
END; /* END OF CASE STATEMENT */
END; /% END OF DO FOREVER */
END EXRCUTE;

: /* ®* %= % » ® ¥ PROGRAM EXECUTION STARTS HERE * * = * * = =/

CALL MOVE(@OFCH, .BIS$FREESMEM,4);

BISFREESMEM = MAXSMEMORY - RISFRFESMEM;
LOWSYREESMEM = CODESSTART + LOWSFREESMEM + 2%
RTNS$BASE = HISPREESMEM;

CALL4TOP,CALL$BASE = LOWSFREESMEM;

;
EN

W AT T

o
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CALL PRINT(.(’NPS MICRO-COBOL I
CALL PRINT(.( EXECUTION BEGINSS
BASE = CODE$START
PROGRAM$SCOUNTER = B$ADDR(Q);
CALL EXECUTE;

END;

Pj'%'%‘RPRETER VERSION 2.2%°))3
’
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COMPUTER LISTING FOR MODULE RFADER NPS MICRO-COBOL

e $ TITLE( NPS MICRO-COBOL COMPILER READER’) PAGEWILTH(8¢)
PAGELENGTH(64)
READER: DO}

/* COBOL CCMPILER - READER */
/* NORMALLY LOCATED AT BQO2RH */
/* GLOBAL DECLARATIONS AND LITERALS */

. e d

' /* THIS PROGRAM IS LOADED IN WITH THE PART 1 PROGRAM
3 AND IS CALLEL WHEN PART 1 IS FINISHED. TEIS PROGRAM
L OPENS TEE PART2.COM FILF THBAT CONTAINS THE® CODE FOR
PART 2 OF THE COMPILFR, AND READS IT INTO CORE. AT
THE END OF TEE READ OPERATION, CONTROL IS PASSED TO

TEE SFCOND PART OF THF PROGRAM. */
DECLARE

LIT LITERALLY LITERALLY",

ADDR ADDRESS INITIAL(1@0H),

DCL LIT "DECLARE’,

FCB(33) BYTE INITIAL(@, PART2 COM’,

¢.0,0,0,0,0,0,0,0,0,0,0,0,0,0,2,8,0,0,0,2),

I ADDRESS,

PROC LIT “PROCEDURE”,

START LIT ‘1008°;

MON1: PROC(F,A) FXTERNALS
DCL P BYTE, A ATDRESS?
END MON13

MON2: PROC(F,A) BYTF EXTERNAL;
DCL F BYTE, A ADILRESSS
END MON2;

BOOT: PROC EXTERNALS
END BOOT;

OPEN: PROC(FCB) BYTE]
DCL FTCB ADDRESS);
RETURN MON2(15,FCB);

END OPEN;

READ: PROC(ADDR) BYTE;
DCL ADDR ADDRESS;
CALL MON1 (26,ADDR); /* SET DMA ADDRESS */
XD gg{g?ﬂ MON2 (2@,.FCB); /* READ, AND RETURN ERROR CODE */
’
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ERROR: PROC(CODE);

END

END;

DCL CODE ADDRESSS

CALL MON1(2,(HIGR(CODE
CALL MON1(2, (LOW(CODE)
CALL BOOT:

ERROR;

/* PROGRAM EXECUTION STARTS HERE */

CALL MON1 (26,0100K);
I¥ OPEN(.FCB) = 255 TEEN CALL FRROR(“02°);
I = 91008;
DO WEILE RFAD(1) = ¢;
I =1 + GO80R;
ENDS
CALL MON1 (26, 0080H); /¥ RESET DMA ADDRESS */
CALL ADDR;
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COMPUTER LISTING FOR MODULE BUILD NPS MICRO-COBOL

$ TITLE(’NPS MICRO-COBOL COMPILER BUILD’) PAGFWIDTH(E@)
PAGELENSTH(60)
BUILD: DOS
/* COBOL COMPILER - BUILD */
/¥ NORMALLY LOCATED AT 10ZH */
/% GLOBAL DECLARATIONS AND LITERALS ®*/
/* THIS PROGRAM TAKES THE CODE OUTPUT FROM TEE CO3OL

COMPILEP AND BUILDS THE ENVIRONMENT FOR TFF COBROL
INTERPRETER */

DFCLAR®
LIT LITERALLY ‘LITFRALLY”,
TRUE LIT ‘17,
ADDR ADDRESS INITIAL(100H),
BASE ADDRESS,
BS$ADDR BASED BASE ADDRESS,
BSBYTE BASED BASE (4) BYTE,
BOOT LIT ‘e’,

. RUFFSEND LI?T ‘10087,
CHAR BASED ADDR BYTE,
CODESCTR ADDRESS,
C$ADDR PASED CODESCTR ATLLRESS,
C$BYTE BASED CODESCTR BYTE,
CODESNOTSSET ~ BYTE INITIAL(TRUE),
CURSSYM ADDRESS,
DCL LIT ‘DECLARE’,
EXT LIT ‘28R°,
FALSE LIT ‘e’,
FCB ADDRESS INITIAL(SCH),
FCBSRYTE BASED FCB BYTE.
FCBSBYTESA BASED FCB (33) BYTE,
PILFSTYPE (%) BYTE DATA(®.CINS ),
FOREVER LIT WRILE TRUE’,
FREESSTCRAGE ADDRESS,
HASHSMASK BYTE INITIAL(GFR),
1 BYTE,
INTERPSADDRESS ADDRESS INITIAL(35008),
INTERPSCONTENT BASED INTERPSADDRESS ADDRESS,
INTERPSFCB(33) BYTE INITIAL(O.‘CINT§RP cor’,
2,0,2,0),

1$3YTF BASED INTERPSALDRESS (2) PYTE,

. RISOFFSET ADDRESS INITIAL(Q9R),
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t r
LOVSOFFSET L DDRESS INITIAL(Q2H),
s LOADED LIT ‘1087,
h MAXSMEMORY ADDRESS INITIAL(1CE2E), :
NEXTS$STM ADDRESS, 1
NEXTSSYMSENTRY BASED NEXTSSYM ADDRFSS,
POINT ADDRESS, t
COLLISION BASED POINT ADDRESS, s
PROC LIT ‘PROCEDURE’, ¢
PROCSNAME(8) BITE, !
READERSLOCATION ADDRESS INITIAL(1C8@H), i
STP LIT ‘@éR’,
SUBSTFLAG BYTF INITIAL(FALSE),
SYMROL BASED CURS$SYM (1) RYTE, :
SYMBOLS$ADDR BASED CURSSYM (1) ADDRESS, !
TOPSOFSMEMORY  ADDRESS INITIAL(2B120F);

MON1: PROC(F,A) EXTERNAL;
DCL F BYTE, A ADDRESS;

END MON1j

MON2: PROC(F,A) BYTE EXTERNAL;
DCL F RYTE, A ADDRESSS
END MONZ3

PRINTSCBAR: PROC(CEAR);
DCL CHAR BYTE;
CALL MON1(2,CPAR);

END PRINTSCEARS

CRLF: PROC3S
CALL PRINTS$CHAR(13);
CALL PRINT$CHAR(10):
END CRLF;

PRINT: PROC(A);
DCL A ADDRESS;
CALL MON1(9,4);
END PRINTS

PRINTSNAME: PROC(ADIR);
DCL ADDR ADDRESS:
BASE = ADDR;
1 = 2553
CALL CRLF;
DO WRILE(BSBYTE(I := I + 1)
. CALL PRINTSCRAR(BS$BYTE(I
- TND;

END PRINTSNAME;

= OPEN: PROC(A) BYTE;
» DCL A ADDRESS;

CWOTEATD ot ST Z % L5 NR, 9,
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RETURN MON2(15,A);
END OPEN}

CLOSE: PROC(FCB);
DCL PC® ADDRESS;
IF MON2(16,FCB) = 255 THEN
103
" CALL CRLF;

CALL PRINT(.(’CLOSE ERROR ON MODULY &¢7));

CALL PRINTSNAME(FCB + 1)3
END3
END CLOSF;

REBOOT: PROC:
ADDR = BOOT;
CALL ADDRS

END REBOOT;

FATALSTRROR: PROC(RFASON);
DCL RFASON ADDRESS;
CALL CRLF;
CALL PRINTS$CHAR(HIGH(REASON))
CALL PRINTSCHAR(LOW (REASON))
CALL PRINTSNAME(FCB + 1);
CALL PRINT(.FILFSTYPE);
CALL REBOOT;

END FATALSERROR;

°
?
.
]

MOVE: PROC(FROM, DEST, COUNT);
DCL (FROM,DEST,COUNT) ADDRESS,
(F BASED FROM,D BASED DEST) BYTE;
DO WHILE(COUNT := COUNT - 1) <> @FFFFH;
D=F;
FROM = FROM + 13
DEST = DEST + 1}
END;
END MOVE;

PILL: PROC(ADDR,CHAR,COUNT);
DCL ADDR ADDRESS,
(CEAR ,COUNT,DEST BASED ADDR) BITE;
DO WHILE (COUNT := COUNT - 1) <> OFFH;
DEST = CEAR}
ADDR = ADDR + 13
ENDS
END FILL;

GET4CBAR: PROC BYTE:
Ir (%Dnn ¢= ADDR + 1) D= BUFFSEND THEN
VH
IF MON2(20,FCB) <> @ THEN
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L0;
J CALL CRLF;
. CALL PRINT(.(“END OF INPUTS’));
CALL REROOT;
END;
ADDR = E&0H;
END;
RETURN CHAR;
END GETSCHAR;
NEXTSCHAR: PROCS
CHAR = GETS$CEAR;
END NEXTSCHAR

e e

STORE: PROC(COUNT);
DCL COUNT BYTE;
IF CODESNOTSSET THEN
ol
CALL CRLF;
CALL PRINT(.(°CODE ERRORS”));
CALL NEXTS$CEAR;
RETURN;
END;
DO I =1 TO COUNT;
C$BYTE = CHARS
CALL NEXTSCFAR;
CODESCTR = CODESCTR + 13
END;
END STORE;

INIT$SLOADSTABLE: PROC;
FREESSTORAGE = .MEMORY;
CALL FILL(FREE$STORAGE,2,34)
NEXT$SYM = FREESSTORACE + 32
NEXTSSYMSENTRY = @3

END INITSLOADSTABLE;

BUILD$SYMBOL: PROCS
DCL TEMP ADDRESS:
TEMP = NEXT4STYM;
IF (NEXT$SYM := ,SYMBOL(17)) > MAX$MEMORY TREN
CALL PATALSERROR(PS‘);
CALL FILL(TEMP,@,17);
END RUILDS$SYMBOLS

MATCH: PROC;
DCL (HOLD,I) BYTE;
HOLD = 3
DOI = TO 7
HOLD = HOLD + PROCSNAME(I);
END?
POINT = PREE$STORAGY + SHL((HOLD ANT HASHSMASK),1)3

.
’
.
’

o e A o
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DO FOREVER;
L IF COLLISION = @ TH®N
DO;
CUR$SYM,COLLISION =
CALL BUILDS$SYMBOL;
DOI =@ TO 73

NEXT$STM;

SYMBOL(I + 8) = PROCSNAME(I);

END;
RETURN;
ENDS
FLSE
oH
CURSSYM = COLLISION;
1 =0;
TO WFILE SYMBOL(I + &) = PROCSNAME(I):
IP (I 2= 1 + 1) > 7 THEN
D03
CUR$SYM = COLLISIONS
RETURN
END}
ENTS
END;
POINT = COLLISION;
END;
END MATCH;
STUFF: PROC:
DCL (EOLD,TEMP) ADDRESS:
HOLD = SYMBOLSADDR(1);
BASE = ,TEMP;
BSBYTE(@) = GETSCEAR;
BSBYTF(1) = GETSCHARS
SYMBOLSADDR(1) = CODESCTR + TFMP - INTFRPSADDRESS;

DO WHILE HOLL <> &3
BASE = HOLD;
FOLD = BSADDR;
DO I =1 TO 3%
BSADDR = SYMBOLSADDR(I);
BASE = BAST + 2§
ENDS
END}
CODESCTR = SYMBOLSADDR(1);
END STUFF;

COMPUTE$OFFSETS: PROCS
DCL TEMP ADDRESS]
BASE = .TEMP}
BiBYTE(G) = GETS$CHAR;
BSBYTE(1) = GETSCHAR;

BI$OFFSET = HISOFFSET + (TOPSOFSMEMORY - TEMP + 1);
LOW$OFPSET = CODESCTR -~ INTYRPSADDRESS - 23
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END COMPUTE$OFFSETS;
RN SUBR: PROC:

, DCL I BYTE;
¢ CALL STORE(1);
= IOl =0 TO 73
L PROCSNAME(I) = CHAR;
. CALL NEXTS$CEAR;
END;
CALL MATCH;
1 POl =170 3
: C$ADDR = SYMBOLSADDR(1);
‘ b CODESCTR = CODESCTR + 2}
- END;
|

IF SYMBOL(LOADED) = @ THEN
SYMBOLSADDR(1) = CODE$CTR - 6;
END SUBR;

GOSDEPENDINC: PROC;

' CALL STORE(1);

F CALL STORE(SHL(CEAR,1) + &)3
. END GOSDEPENDING;

PARAMETERS: PROCSH

CALL STORE(1);

CALL STORE(SRL(CHAR,1) + 2)3 '
END PARAMETERSS ‘

BACKSSTUFF: PROC;
PCL (BOLD,STUFF) ADDRESS;
BASF = ,HOLD;
: DOI =@ T0 3;
' B$BYTE(1) = GETSCHAR;
B END;
[ DO FOREVERS
PASE = BOLD + LOWSOFFSET;
BOLD = B$ADDR;
BSADDR = STUFF;
IF HOLD = @ THEN
DO;
CALL NEXTS$CHAR;
RETURN;
END;

END;
END BACKSSTUFFS

INITIALIZ®: PROC;

i DCL (COUNT,WHERF,ROWSMANY) ADDRESS;
1 BASE = .WHERE;
§ DOI =2 T0 33

B4$BYTF(1) = GET4CHAR;
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END;
IF WEERE > TOPSOFS$SMEMORY - HISOFFSET THEN
‘- BASE = WHERE - HISOFPSET - 1%
ELSF
BASE = WHRERE + LOWSOFFSET - 1;
DO COUNT = 1 TC HOWSMANTY;
BSBYTE(COUNT) = GETSCHAR;
END;
CALL NEXTS$CFAR;
END INITIALIZE;

TERMINATE: PROC;
DCL I BYTE, TEMP ADDRESS;
IF SUBSFLAG THEN CSBYTE = EXT;
ELSE C$4BYTE = STP;
CODESCTR = CODESCTR + 1;
1 = QFFE;
CALL PRINTSNAME(FCR + 1)
CALL PRINT(.(’ LOADEDS"));
SUBSFLAG = FALSE;
POI =@ T0 15;
POINT = FREFSTORAGE + 2 * I3
DO WHILE COLLISION <> 93
CURSSYM = COLLISION;
IP SYMBOL(LOADZD) = @ THYN

H
CODESNOTS$SET,SYMBOL (LOADEL ),SUBSFLAG
TRUE;
CALL COMPUTESOFFSETS;
SYMROLSADLR(2) = LOWSOFFSET;
SYMBOLSADDR(Z) = HISOFFSETS
CALL CLOSE(FCRB);
CALL MOVE( .SYMBOL(8),FCB + 1,8);
FCBSBYTFSA(32) = @3
CALL FILL(FCB + 12,0,4);
ADDR = 100%H;
IF OPEN(PCB) = 285 THEN
CALL PATALSERROR(‘OP’);
CALL NEXTSCWAR;
PETURN;
END}
POINT = COLLISION;
END; /* DO WHILE COLLISION <O @ */
END; /% DO I =0 TO 15 =/
END TERMINATES

STARTS$CODF: PROCS
CODPSNQOTSSET = FALSE;
IP SUBSFLAG TEEN CALL STUFF:
FLSE
DO}
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1 I$BYTE(@) = GETSCHAR;
: ISEYTE(1) = GET$CHAR;
i CODRSCTR = INTERPSCONTENT;
FND;
CALL NEXTS$CHAR;
END STARTSCODE;

BUILD: PROCS

| DCL

5 F2 LIT ‘9°,
: F3 LIT ‘10’

. P4 LIT ‘22°

’
A S LIT ‘286°,
: F& LIT ‘347,
g ™ LIT ‘41°,
: F8& LIT ‘s1°,
F9 LIT ‘517,
1@ LIT ‘sé”’,
F11 LIT ‘627,
F12 1LIT ‘637,
P13 LIT ‘€2’,
SBR LIT ‘647,
GDP LIT ‘657,
PAR LIT ‘667, ‘
INT LIT ‘67°,
BST LIT ‘687, |
TER LIT ‘697, |
SCD LIT ‘70°;

PO FOREVER:

I? CHAR
ELSE I¥ CHAR
ELSE IF CHAR
TLSE IP CHAR
ELSY IF CHAP
ELSE IF CEAR
ELSE I¥ CHAR
ELSE IP CHAR
ELSE IF CHAR
FLSE I¥ CHAR
FLSE IF CHAR
ELSE IF CHAR
FLSE IF CHAR
FLSE I¥ CHA®R
ELSE IF CBAR
FLSE IP CHAR
ELSE IF CHAR
ELSE IF CBAR
TLSE IP CEAR

o}

F2 THEN CALL STORE(1)
F3 THEN CALL STORE(2)
F4 THEN CALL STORE(3)
F5 THEN CALL STORE(4)
F6 THEN CALL STORE(S;
6
7)
8)
9)

F? THEN CALL STORE(
F8 THEN CALL STORE(
F9 THEN CALL STORE(
F1¢ THEN CALL STORE(
F11 THEN CALL STORE(1e
F12 TREN CALL STORE(11
F13 THEN CALL STORE(12
SBR THEN CALL STORE(13
SPR THEN CALL SUBR;
GDP THEN CALL GOSDEPENDING:
PAR THEN CALL PARAMFTERS;
BST THEN CALL BACKSSTUPRF;
INT TEEN CALL INITIALIZE:
TER TEEN

CALL TERMINATES

BN NANNHAAAAAAANAANAANANANAN
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IF NOT SUBSFLAG THEN
DOj

1 CALL COMPUTESOFFSETSS
CALL CLOSE(FCB);
RETURNS
END;
ENDS
ELSE I¥ CHAR = SCD THEN CALL STARTS$CODE;
FLSE
LOs A

CALL CRLF;
CALL PRINT(.(°LOAD ERRORS’));
CALL NEXTS$CHAR;
END?
END;
END BUILD;

/* PPOGRAM TXECUTION STARTS HERE */

CALL CRLF;
CALL PRINT(.(’NPS MICRO-COEOL LOADER VERS 2.0%°)):
FCBSBYTFS$A(32) = @3
CALL MOVE(.(°CIN‘,0,0,0,0),FCB + 9,7)3
IF OPEN(FCB) = 255 THEN
DO;
CALL CRLF;
CALL PRINTSNAME(FCE + 1)
CALL PRINT(.FILESTYPE);
CALL REBOOT;
ENDS
CALL NEXTSCEFAR:
CALL INITSLOADSTABLE;
CALL BUILDS
CALL MOVF( .INTERPSFCB,PCB,32);
FCBSBYTESA(32) = 2;
IP OPEN(FCB) = 255 THEN
DO;
CALL CRLF;
CALL PRINT(.(’CINTERP.COM NOT POUNT ¢7));
CALL RYBOOT;
END;
CALL MOVE(READERSLOCATION, 8@E, 8CR);
CALL MOVE( .HISOFPPSET,BYCE,4);
ADDR = BOR;
CALL ADLR; /* BRANCH TO 80H */
END;
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COMPUTER LISTING POR MODULE INTRDR NPS MICRO~COBOL

$ TITLE(°NPS MICRO-COBOL COMPILER INTRDR’) PAGEWIDTH(EQ)
PAGELENGTH(60Q)
INTRDR: DOj

-
A )
PP BT Sroo sy

B s i gy

/*  COBOL COMPILER - INTRDR  */
= /*  NORMALLY LOCATED AT 80 H  */
/*  GLOBAL DECLARATIONS AND LITERALS  */

R
- .
- i

/* TBIS PROGRAM IS CALLFD BY THE BUILD PROGRAM AFTER i
g}NTERP.COH BAS REEN OPENED, AND READS THE CODE INTO MEMORY ;

DECLARE

LIT LITERALLY LITERALLY’, ;
DCL LIT DECLARE”, )
1 ADDRESS INITIAL (0080H), ;
INTERP ADDRESS INITIAL(100H), !
PROC LIT “PROCEDURE’, :
START LIT ‘100H°; ;

MON1:PROC(P,A) EXTERNAL;
DCL P BYTE, A ADDRESS;S
END MON13

MON2: PROC(F,A) BYTE EXTERNALS
DCL ¥ BYTE, A ADDRESS;
END MON2;

DO VWHILE 1; f
CALL MON1 (26,(1 := I + O@80H)); /* SET DMA ADDRESS */ ]
IF MON2 (20,5CH) <> @ THEN ;
CALL INTERP; ;

ENDS

END;
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COMPUTER LISTING FOR MODULE D¥CODE NPS MICPO-COBOL

$ TITLE(’NPS MICRO~-COBOL COMPILER DECODE’) PAGFWILTH(8d)

PAGELENGTE(60)
DECODE: DO;

/* CCBOL COMPILER -~ DECODE ®/
/% NORMALLY LOCATED AT 103E ®/
/* GLORAL DECLARATIONS AND LITERALS */

/* TRIS PROGRAM TAKES TRE COTE OUTPUT FROM TEE COBOL
COMPILFR AND CONVERTS IT INTO A READABLE OUTPUT TO

FACILITATE DEBUGGING */

DECLARE DCL LITERALLY
LIT LITERALLY
ADDR ADDRFSS
RUFFSEND LIT
BYTESCOUNT ADDRESS
RYTESHI BRYTE,
RYTESLOV BYTE,

CHAR BASED ADDR
C4ADDR BASED ADDR
FCB ADDRESS
PCBS$BYTE BASED FCB (1)
FILESTYPE(*) BYTE

I BYTE,

PROC LIT

MON1: PROC (F,A) EXTERNAL;

DCL F BYTE, A ADIRESS;
END MON1j

MON2: PROC (F,A) BYTE EXTERNAL:
DCL ¥ BYTE, A ADDRESS;
END MONZ2;

BOOT: PROC EXTERNALS
END 30073

PRINTSCRAR: PROC(CHAR)S
PCL CEAR BYTE;
CALL MON1(2,CEAR)S
END PRINTSCHAR;
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‘DECLARE ",
LITERALLY,
INITIAL (1227),
'@FFE' '
INITIAL(Q),

BYITE,

ADDRESS,
INITIAL (5CR),
BYTE,

DATA (°CIN’),

“PROCTDURE "}

LI VP S,

PN

e et
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CRLF: PROCS
CALL PRINTSCEBAR(13)
CALL PRINTSCHAR(10)
END CRLFS

°
’
°
?

P: PROC(ADD1);
DCL ADD1 ADDRESS, C BASED ADD1 (1) BYTF;
CALL CRLF;
DOTI =0 T0 23
CALL PRINTSCRAR(C(I));
END;
CALL PRINTSCEAR(® ‘)3
END P;

GETS$CEAR: PROC BYTE;
I? (ADDR := ADDR + 1) > BUFFSEND THEN
L H
IF MON2(20,FCB) <> @ TEEN
DO;
CALL P(.(°END’));
CALL BOOT;
IND;
ADDR = 80%;
END;
RETURN CHAR;
END GET4CFARS

DSCHAR: PROC (OUTPUTS$BYTE);
DCL OUTPUT$BYTE BYTE;
IF OUTPUTSBYTE < 1@ THEN
CALL PRINTSCHAR(OUTPUTSBYTE + 2€H):
ELSF
CALL PRINTS$CFAR(OUTPUTSBYTF + 37H);
END D$CEARS

D: PROC (COUNT);
DCL(COUNT,J) ADDRESS;
DO J=1 TO COUNT;
CALL D$CEAR(SHR(GETSCHAR,
CALL DS$CEAR(C®HAR AND OFH)
CALL PRINTSCRAR(‘ “);
END;
END D;

4));
’

PRINTSREST: PROC;
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¥2
F3
F4
FS
F6
F?
8
F9
Fle
Fl1
F12
SBR
Fi13
GDP
PAR
INT
BST
TER
SCD

17
IF
185

IF
18
1¥
IF
Ir
IF
IF
I®
IF
IF
18 4

I¥

I

LIT
LIT
LIT
LIT
LIT
LIT
LIT
LIT
LIT
LIT
LIT
LIT
L1?
LIT
LIT
LIT
LIT
LIT
LIT

CFAR
CHAR
CEAR
CYAR
CHAR
CHAR
CEAR
CEAR
CHAR
CFAR
CHAR
CHAR
CHAR
CEAR
CHAR

DO}

END3
CEAR
DOj

END}
CHAR
DO§

BITESCOUNT = @3

P9 TFEN
P1@ THEN
F11 TVEN
P12 THEN
P13 TAEN
SRR TYEN
SBR TEEN
GDP THEN

R RAANAAAAAANANANAN

CALL D(1)3

RETURN;

DO}
D03
DO}
DOj
Doj
DOj
DO}
DO;
DO}
DO;
DO;
DOj
Do}

CALL I({
CALL D(
CALL D(
CALL D(
CALL D(
CALL D{
CALL I¢(
CALL D(
CALL D(
CALL D(
CALL D(
CALL D(
CALL D(

CALL D(SEL(CEAR,1) + 2)3

RETURN;
= PAR THEN
CALL D(1)3

CALL D(SBL(CHAR,1) + 1)}

RETURN;
= INT THEN

CALL D(2);
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RETURN; END?
RETURN; END;
RETURN; END;
RETURNS END3
RETURN; END;
RETURN; END;
RETURN?: ENTS
RETURN; END;
RETURN; END;
RETURN? ENDS
RETURN; END}
RETURN; END3
RETURNS END3
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, BYTFSLOW = CHAR;

4 CALL D(1);

] i, BYTESEI = CHAR;

BYTR$COUNT = BYTESHIS

RYTESCOUNT = SHL(BYTESCOUNT,8) + BYTFSLOV;
CALL D(BYTESCOUNT)S

RETURNS

5 END;

IF CHAR = BST THEN

D03
CALL D(4);
RETURNS
END;
; IF CYAR = TER TFEN

DO?
CALL D(2)3
CALL P(.("END”));
CALL BOOT;
ENDS
IF CFAR = SCD THEN

»
3
H
¥
y

! DO
CALL D(2)3
RETURN;
i CALL P(.(’XXX’));
i

END PRINTSRESTS

/% PROGRAM EXECUTION STARTS BERE */

PCBSBYTE(32), FCBSBYTE(G) = @3
DO I=2 TO 2;

FCBSRBYTE(I+9)=FILESTYPE(I)}
END;

IF MON2(15,FCRB)=255 THEN DO CALL P(.(°2227));
CALL BOOT3 END3

T TNIERAR WP 4T,

T~ ey

DO WEILE 15
IP GETSCHAR <= 70 THEN DO CASE CHAR;
’ /% CASE @ NOT USED */

CALL P(.(°ADD’));
CALL P(.(°SUB’));
CALL P(.(’MUL’))s
CALL P(.(°DIV’));
CALL P(.(°NEC°))}
CALL P(.(°STP"))s .
CALL P(.(°ST1°))s
CALL P(.("EXT’))}
CALL P(.(’RND’)):
CALL P(.(°RET’));

- e el e
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CALL P(.(°CLS’)); ‘
CALL P(.(°SER’))} :
CALL P(.(“BRN’))s
CALL P(.(°OPN°)); i
CALL P(.(°0P1°)); 3
CALL P(.(°0P2°))s E
CALL P(.(°RLT")); B
CALL P(.(°REQ")); )
CALL P(.("INV’)); 4
i CALL P(.(°EOR")); i
CALL P(.(°PAG°))S ¢
& CALL P(.(°ACC”))3 2
CALL P(.(’STL”))3 £
CALL P(.(°LDI’)); .
CALL P(.(°DIS’)); ;
CALL P(.(’DEC’)): P
CALL P(.(’ST0")); y
CALL P(.(°ST1°)); i
CALL P(.(°ST2°))s i
CALL P(.(°ST2"))s :
CALL P(.(75T47)); ]
CALL P(.(°ST5°))3 ¢
CALL P(.(°LOD")); 1
CALL P(.(°LD1°))s
CALL P(.(‘LD2°));
1 CALL P(.(°LDZ’));
CALL P(.(°LD4"))3
1 CALL P(.(°ID5°)); |
CALL P(.(°LD6")); g
CALL P(.(°PER’)); :
CALL P(.(CNU’))s :
CALL P(.(°CNS’)); i
CALL P(.(°CAL")); ]
CALL P(.(“RWS*)); t
CALL P(.(°DLS’))s i
CALL P(.(°RDF")); :
CALL P(.(°WTF’)):
CALL P(.(°RVL’));
CALL P(.s'wvzj));
' CALL P(.(“SCR"));
: CALL P(.(°SGT"))s
CALL P(.(’°SLT"));
f CALL P(.(’SEQ”))3
] CALL P(.(°MOV"))3
H CALL P(.(’RRS*));
; CALL P(.(°WRS"))s
CALL P(.(°RRR’));
CALL "‘5"““:))‘
CALL P(.(’RWR’));
(; CALL P(.(’DLR’));
? '
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,g. ;
# E
CALL P(.(°MED’)); :
: CALL P(.(°MNE“)); ]
i CALL P(.(°SER"))s :
CALL P(.(°GDP°*)); 4
CALL P(.(°PAR’)); £
CALL P{.("INT”)); 3
CALL P(.(°BST’)); f
CALL P(.(°TFR’));
CALL P(.(°SCD’));
END; /* OF CASE STATEMENT =/ :
CALL PRINTSREST: 1
guga /* END OF DO WHILE */ 1
ND; ;

T TR ORI 2 By, i PO £
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GRAMMER PCR PART ONE NPS MICRO-COBQOL

OPTIONS (BNF TABLES LALR AINPUT EXTRAT NOGPOST COMPACT)

1 {PROGRAMD> ::= <ID-DIV> <E-DIV> <D-DIV> PROCEDURE
2 <KID-PIVD> ::= IDENTIFICATION DIVISION . PROGRAM-ID .
2 CCOMMENT> . <ID-LIST>

3 <KID=LIST)> s:= <AUTHD <INS> <DATED <SEC>

4 CAUTED> ::= AUTHOR . <COMMENT)> .

5 <EMPTYD>

6 <INS> s:= INSTALLATION . <COMMENT> .

K4 <EMPTYD>

8 <DATED> ::= DATE-WRITTEN . <{COMMENT> .

9 <EMPTY>

10 <SEC> ::= SECURITY . {COMMENT> .

11 <EMPTY>

12  <COMMENT)> ::= <INPUTD

13 <COMMENT> <INPUT>
14 <F-DIV> ::= ENVIRONMENT DIVISION . CONFIGURATION
14 SECTION . <SRC-0BJ> <I-0>

15 <EMPTY>

16 <SRC-03J> ::= SOURCE-COMPUTER . <COMMENT> <DE3UGD> .
16 OBJECT-COMPUTER . <COMMENT> .
17 <DEBUG> ::= DEBUGGING MODE
18 <EMPTY>

19 <I-0> ::= INPUT-OUTPUT SECTION . FILE-CONTROL .
19 <FILE=-CONTROL-LIST> <IC>
20 CEMPTY>
21 CFILE-CONTROL-LIST> ::= {FILE-CONTROL-ENTRY>

22 {FILE-CONTROL-LIST>
22 CFILE-CONTROL-ENTRY>

23 <FILE-CONTROL-ENTRY> ::= SFLECT <ID> <ATTRIRUTE-LIST> .
24  <ATTRIBUTE-LIST> ::= CONE-ATTRIB)

25 CATTRIBUTE-LIST)> <ONE-ATTPIBD
26  <ONF=-ATTRIBD> ::= ORGANIZATION <ORG-TYPED

27 ACCESS <ACC-TYPE> <RELATIVED>
28 ASSIGN <INPUTD

29  <ORG-TYPE> ::= SEQUENTIAL

3¢ RELATIVE

31 INDEXED

32 <ACC-TYPED ::= SEQUENTIAL

33 RANDOM

34 CRELATIVED> ::= RELATIVE <ID>

35 <EMPTYD>

36 <IC> ::= I-0-CONTROL . <SAME-LIST>

37 <EMPTYD>

38 <SAME-LIST)> ::= {SAME-ELEMENT

39 <SAME-LIST> <SAME-ELEMENT>

40  CSAME-TLEMENT) ::= SAME <ID-STRINGD .
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<ID=-STRING> ::= <ID>
<ID-STRING> <ID>
<D=-DIV> 1::= DATA(%IVISION . <FILE-SECTION> <WORK>
INKD
<FILE~SECTION> ::= FILE SECTION . <FILE-LIST>
<EMPTY>
{FILE-LIST> ::= <FILES>
(FILE-LIST> <FILES>
<FILFS> s:= FD <ID> <FILE-CONTROL> .
<RECORD-DESCRIPTION>
<FILE=-CONTROL> ::= <FILE-LST>
<EMPTY)>
<FILE-LST> ::= {FILE-ELEMENT)
<FILE-LST> <FILE-ELEMENT>
<PILE-ELEMENT> ::= BLOCK <INTEGER> RECORDS
RECORD <REC-COUNT>
LABEL RECORDS STANTARD
LABEL RECORDS OMITTED
VALUE OF <ID-STRING>
CREC~COUNT> ::= <INTEGER)
<INTEGER> TO <INTEGER>
<WORK> ::= WORKING-STORAGE SECTION .
<RECORD-DESCRIPTION>
<EMPTY>
<LINK> ::= LINKAGE SECTION . <RECORD-DESCRIPTIOND
<EMPTY)
<{RECORD-DESCRIPTION> ::= {LEVEL-ENTRY)>
<RECORD-DESCRIPTION>
<LEVEL-ENTRY)>
{LFVEL-ENTRY> ::= <INTEGER> <DATA-ID> <REDEFINES>

<DATA-TYPED> .
<DATA-ID> ::= <ID>
FILLER
CREDEFINES> ::= REDEFINES <ID>
<EMPTYD>
<DATA-TYPE> ::= {PROP-LIST)>
<EMPTY>
<PROP-LIST> ::= <DATA-FLEMENT)
<PROP-LIST> <DATA-ELEMENT>
<DATA-ELEMENT)> ::= PIC <INPUT>
USAGE COMP
USAGE COMP=3
USAGE COMPUTATIONAL
USAGE DISPLAY
SIGN LEADING <SEPARATED
SIGN TRAILING <SEPARATED
OCCURS <INTEGER> INDEXED <ID>
OCCURS <INTEGERD
SINC <DIRFCTION>
VALUE <LITERAL>
<DIPECTIOND> ::= LEFT

R TR (W A T T T
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» 87 RIGHT
b 88 <EMPTY>
89  <(SEPARATE> ::= SFPARATE
90 CEMPTYD
91 <CLITERALD ::= <INPUTD
92 <ATID
93 2ERO
94 SPACE
95 QUOTE

96 {INTEGER)> ::= {INPUT>
97 <ID> ::= CINPUTD

| Note that the options list _contains the item NOGPOST.

{ This elirenats the hoal symbol _!_~ from being added to
' the grammer of part one. In part two the hoal symdol 1is
used as an end of file symbvol (EOF).
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GRAMMER FOR PART TWO NPS MICRO-COBOL

OPTIONS (BNF TABLES LALR AINPUT EXTRAT COMPACT)

OO NN GN =

<P-DIV> ::= PROCEDURE LIVISION <USING> . <PROC-BODY>
CUSING> ::= USING <ID-STRINGD>
<EMPTYD
<ID=STRINGD> ::= <ID>
<ID=STRINGD> <ID>
<PROC=-BODY> ::= {PARAGRAPH>
<PROC-BODY> <PARAGRAPH>
CPARAGRAPE> ::= <ID> .
<ID> . <{SENTENCE-LIST>
<ID> SECTION .
CSENTENCE-LIST> ::= {SENTENCE> .
CSENTENCE-LIST> <SENTENCE> .
{SENTENCE> ::= <IMPERATIVED
CONDITIONALD>
ENTER <ID> <OPT-ID>
<IMPERATIVE)> ::= ACCEPT <SUBID>
<ARITHMETICD
CALL <CALL-LIT> <USING>
CLOSE <CLCSE-LST>
{FILE-ACT>
DISPLAY <DISPLAY-LST>
DISPLAY <DISPLAY-LST)> WITH NO
ADVANCING
EXIT <PROGRAM-ID>
GO <ID>
GO <ID-STRING> DFPENDING <ID>
MOVE <LIT/ID> TO <SURID>
CPEN <ACT-LSTD>
PERFORM <ID> <THRU> <FINISHD
STOP <TERMINATF>
<CLOSE-LST> ::= <ID>
<CLOSE-LST> <ID>
<DISPLAY-LST> ::= <LIT/ID>
<DISPLAY-LST> <LIT/ID)>
CACT-LST> ::= {TYPE~ACTIOND> <OPEN-LST>
<ACT-LST> <TYPF-ACTION> <OPEN-LST>
<OPEN=LST> ::= <ID>
<OPEN-LST> <ID>
CFINISH> s:= <L/ID> TIMES
<STOPCONDITIOND
CVARYING> <ITERATIOND> <STOPCONDITIOND
<EMPTYD
<STOPCONDITION> ::= UNTIL <CONDITIOND
CVARYINGD> ::= VARYING <SURID)>
CITERATIOND ::= SFROM)> <BY>

Al
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<FROM> ::= FROM <L/ID>
<BY> ::= BY <KL/ID>
CCONDITIONAL)> ::= CARITHMFTICD> <(SIZE-FRROR>
CIMPERATIVE>
CFILE=ACT> {INVALID> <CIMPYRATIVF®
<READ-ID> <SPECIAL> <{IMPYRATIVE)
<IF-NONTERMINALD> <CONTITION>
<IF=-LST)> <ELST)> <IP-LST> FPND-IPF
{IF-NONTERMINAL> <CONDITION>
{IF-LST> END~-IF
{IT=-LSTY s:= {STMT-LST>
NEXT SENTENCE
<{ELSE> ::= ELSE
<APITHMETIC)Y ::= ADD <ADD-LST> TO <{SUBID> <ROUND>
ADD <ADD-LSTDGIVING <SUBIDD> <ROUNDD>
TIVIDE <L/ID> INTO <SURID> <ROUND>
DIVIDE <L/ID> BY <{SUBID> GIVING
{SUBID> <ROUND>
DIVIDE <L/ID> INTO <SUBTIL> GIVING
{SUBID> <ROUND>
MULTIPLY <L/IDD> BY <SURID> <ROUNDD
MULTIPLY <L/ID> BY <SUBIL> GIVING
<{SUBID> <ROUND)
SUBTRACT <SUB-LST> FROM <SUBID>
<ROUNDD>
SUBTRACT <SUB-LST> GIVING <SUBIDD>
{ROUND>
COMPUTE <SUBID> = <ARITH-EXPD
SADD=LSTY ::= <L/IDD
<ADD-LST> <L/1L>
<SUB=LST> ::= <L/1ID>
{SUB=-LST)> <L/1D>
CARITE-EXP)> ::= {TERMD
<ARITE-EXP> + <TERM)
{ARITH-EXP> - <{TERM)
+ {TERM>
- {TERM)
{TFRMD ::= {PRIMARY)
{TERM> * {PRIMARY)
<TERMD> / <{PRIMARY>
CPRIMARYY> ::= <PRIM-ELEMD> i
<PRIMARY) ** (PRIM=-FLEM>
¢PRIM=ELEM) ::= <L/ID>
( <ARITR-EXP> )
<FILE-ACT> ::= DELETE <ID>
REWRITE <ID>
WRITE <IDD> <SPECIAL-ACT
{CONDITION)> ::= {BTERM)
CCONDITION> OR <BTERM>
{BTYRM) ::= <BPRIM>
<BTERMD AND <BPRIM)
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E
3
,L,
H
;

- e RN

g

89
9¢
o1
92

94
95
96
97

99
100
121
102
103
104
105
106
107
1e8
129
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
13e
131
132
133
134
138
136
137
138

<BPRIMD> ::= LIT/ID>
<LIT/ID> <NOT> <COND-TYPE>
( <RPTERM)> )
<COND-TYPED ::= NUMERIC
ALPHABETIC
<{COMPARE> <LIT/ID>
<NOT> ::= NOT

<EMPTYD
{COMPARE> ::= GREATER
LESS
TQUAL
>
4

<ROUND)> ::= ROUNDED
<CEMPTYD
CTERMINATE) ::= {LITERALD
RUN
<SPECIALY> ::= CINVALIDD
END
<OPT=ID> ::= (SURID>
{ETMPTY)>
{STMT=LST> ::= {IMPERATIVED
{STMT-LST)> <IMPERATIVED
{CONDITIONAL>
<{STMT~LST> <CONDITIONALD
<TERU> ::= THRU <ID>
<EMPTYD
CINVALIDD ::= INVALID
<SIZE-ERROR> ::= SIZ2E ERROR
{SPECIAL-ACT) ::= {WHEND> ADVANCING <HOW-MANY
<EMPTY>
<WHEND> ::= BEFCRE
APTER
<AOW=-MANY> ::= {INTEGFRD
PAGE
{TYPF=-ACTION)> ::= INPUT
OUTPUT
1-0
<SUBID> ::= {SUBSCRIPT
<ID>
{INTEGERD ::= CINPUT
<IDY s:= SINPUT
<L/1D)> ::= KINPUT
<SUBSCRIPT>
ZERO
CSUBSCRIPT> :3= <ID> ( <SURSCRIPT-LS™ )
CSUBSCRIPT-LST) ::= CINPUT)
CSUBSCRIPT-LST> , <INPUD
{CALL-LIT> ::= LLIT)
CNN=LITS> s:= (LI
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148  <READ-ID> ::= READ <ID>
149  <CIP-NONTERMINAL) ::= IF

]

!

t

3 §
!

5 139 SPACE {

.. 140 QUOTE i

141 <CLITERALD ::= SNN=LIT> ;

f 142 JINPUT &
- 143 ZERO b
| 144 <LIT/IDD ::= <L/IDD> ‘
v 145 NN=LIT K
146 <PROGRAM=ID> ::= <ID> 4

147 <EMPTYD> i

il

- Note that the options 1ist does not contair the item
} NOGPOST. This causes a goal symbol ~_! " to be added to

the grammer at the end of production one. This syrbol is ;
used as the end of file symbol (EOF). Part one uses thre .
optional NOGPOST to surpress the generatior of the goal

symbol since an EOF 1s not wanted at the end of part one.
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